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PREFACE

For a number of studies on the growth of the mammalian

nervous system made by my colleagues and myself we have used

the albino rat. In the course of the work we frequently felt

the need of referring to other physical characters of the rat to

which the nervous system might be related. This led us to col-

lect such data as were already in the literature and also led us

to make further investigations. The facts gathered in this way
have proved useful to us and are here presented in the hope
that they will be useful to others also.

The plan of the presentation is simple. An introduction treats

of the rat as a laboratory animal, indicates the methods of gather-

ing the data, and also gives examples of our use of the tables.

This is followed by an outline of the classification of the com-

mon rats and by a brief statement of the history of the rat

since it arrived in western Europe.
The rest of the book falls into two parts. The first part deals

with the domesticated albino rat—concerning which we have

the larger amount of information.

The second part deals in a similar way with the wild Norway
rat—the form from which the Albino has been derived. In

connection with each part the several reference tables and the

formulas employed for them and for the corresponding graphs
are given, and at the end of the book a list of papers on the rat

is added.

In the two parts which form the body of the book the purpose
is to present for the rat under normal conditions the funda-

mental observations—giving data and conclusions only. It is

hardly necessary to add that in most directions our information

is fragmentary.
For all the formulas which apply to the data coming from the

laboratories of The Wistar Institute, I take pleasure in thanking
my colleague, Dr. S. Hatai.
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For aid in the preparation of these pages I am also much
indebted to those unnamed assistants to whose lot has fallen

the greater part of the computations for the tables and whose

devotion to their work has added a human interest to a task

otherwise monotonous.

To the many authors whose results are here briefly cited or

quoted in extenso I take the opportunity to express my obliga-

tions—very sincere obligations
—for experience shows that such

results come only by hard labor.

Many of the illustrations have been taken from the journals

in which they were originally published and my thanks are due

to the editors and publishers of these journals for the privilege

of reprinting the illustrations here.

During the preparation of this book my immediate colleagues

have given me encouragement and aid, and I cherish the hope

that, should the occasion arise, both of these will be again forth-

coming to help mend the gaps and rectify the errors which a

close scrutiny of these pages is certain to reveal.
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THE RAT
INTRODUCTION

The Norway rat, Mus norvegicus, is the one mammal now

easily obtainable both wild and as a domesticated form. This

latter is represented by either the Albino or the pied rats so com-

mon in our laboratories.

The Albinos are clean, gentle, easily kept and bred, and not

expensive to maintain. They are omnivorous, thriving best on

table scraps. The span of life is about three years and breeding

begins at about three months. Furthermore the species is cos-

mopolitan. The Utters are large and may be had at any sea-

son. The young are immature at birth. The domesticated

Albino crosses readily with the wild Norway. The rat, both wild

and domesticated, takes exercise voluntarily and is susceptible

to training. It is also highly resistant to the usual wound-

infecting organisms. For a number of lines of study therefore,

the rat seems to be a peculiarly suitable animal.

Through the researches of several investigators at The Wistar

Institute (since 1906) and through those of E. H. Dunn and of

J. B. Watson at the University of Chicago, of Chalmers Watson
and Sir Edward Schafer at Edinburgh, of C. M. Jackson and

L. G. Lowrey at the University of Missouri, of J. R. Slonaker

at Leland Stanford University, of T. H. Osborne and L. B. Mendel
at Yale University, of E. V. McCollum at the University of

Wisconsin, as well as through those of several other investigators

both in this country and abroad, there has been gathered a con-

siderable body of data applying to the weight and size of the do-

mesticated albino rat and its parts, as well as some similar data

applying to the wild Norway rat, the parent species. It is the

body of facts so gathered that it is our purpose to present, as

far as possible in tabular form.

l



2 INTRODUCTION

Attention should be called to the fact that the observations

presented in the tables have been made mainly on rats in the

first year of life and but rarely on those which are older. It

follows from this that the data apply to the rat in its most vigor-

ous period and do not give information that can be used for the

study of old age.

Since the quantitative data appearing in the tables are biologi-

cal, they naturally exhibit more or less variability and reflect in

each instance something of the conditions under which they have

been obtained. It follows therefore that they must not be ex-

pected to possess the precision of physical or chemical determi-

nations. Nevertheless, so long as the values here presented are

not mistaken for absolute standards representing ideal or final

determinations, they may be used with advantage.
Most of the matter presented is taken from researches already

published in full, but in a few instances data from work in prog-
ress have been included also. In the latter instance the author's

name is followed by (MS with date) when it is based on work

conducted at The Wistar Institute—while in other instances the

laboratory is also named.

In a few of the published tables—mainly from our own lab-

oratory
—it has been found necessary to make corrections—so

that when the tables here printed do not agree with the origi-

nals, it is to be assumed that the changes are due to revision.

Owing to the absence of tables for the normal animal or to

the failure of the authors to express their results in a quantita-
tive form, much of the literature which is cited is unaccompanied

by any text. Such papers however often contain valuable in-

formation on either the Albino or Norway rat and the citation

of them serves to indicate the range of the studies in which
this animal has been used.

Extensive reference tables have been computed for the various

characters only as these appear under normal conditions, while

the modifications which may be experimentally induced in these

characters are merely mentioned in the text or presented very

briefly.
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In a number of cases the results are represented by both graphs

and tables. The purpose of the graphs is merely to furnish a

general view of the form of change which occurs, while for the

exact values, the tables must always be consulted. In those

tables which are based on size, the body length of the rat, be-

cause it is least subject to incidental variations, is the measure-

ment to which the others have been referred.

It is recognized however that some of the characters are func-

tions of age and in that case it is of course necessary to know the

age of the animal in order to obtain satisfactory results.

All of the longer tables are based on formulas. These formu-

las are those for the graphs which most closely fit the observed

values—and their utility lies in giving precision to the values ob-

tained and in making possible interpolations :
—as a rule however

they cannot be used for extrapolation. In this connection de-

terminations of the normal variability are always wanted, yet

although this need has been met in a measure, it is far from being

satisfied.

Since heretofore tables of this nature have not been commonly
available, a word as to their use is in order.

There exist now—and there will probably continue to appear
—

strains of the Albino having physical peculiarities related to the

locality in which they are bred: e.g., a relatively short tail.

The treatment of such an instance by the use of the tables is

considered in the paragraph which follows.

As has been stated, the tabular values here given apply to the

stock strain reared at The Wistar Institute and furnish data from

which deviations found in other local strains can be measured.

In all experimental work it is now generally agreed that the

control and the test animals should be taken from the same lit-

ter, and the determinations of any modification made within the

litter—the results for the several Utters being given the same
statistical weight in the subsequent computations. While this

procedure might at first seem to render the reference tables su-

perfluous, yet to compare the results from two laboratories work-

ing with different local strains, having according to the example
chosen different normal tail lengths, a series of reference values
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such as the tables furnish, serves to reveal the relations in which

the control animals from the respective laboratories stand to one

another, and thus permits a more trustworthy comparison of

the experimental results. 1

Moreover in the course of routine work on the same colony

one cannot be sure that the animals retain during successive

years the same relations to the reference table values. For this

reason we have been following the custom of referring all meas-

urements to the reference tables and using the difference in devia-

tion shown by the controls and by the test animals respectively

as the measure of the modification experimentally produced,

By using such a procedure
—in place of the assumption that

the control animals from the same colony remain similar—the

experimental results obtained from year to year are made fairly

comparable with one another. 2

But there is still another use of the tables which is perhaps the

most important of any. In all experiments on the relative

weights of parts or organs in which the size of the test animals

differs from that of the controls, we readily obtain by weighing
or measuring the differences for the entire animal. If however

we wish to determine whether the relative size (weight or length)

of the parts or organs of the test animals has been affected, we
find that this cannot be done by comparing the test and control

groups directly
—for the relative values of parts and organs differ

with the absolute size of the animal—but it can be done by
reference to the tables in which the desired values are given ac-

1 If a strain appears in which the length of the tail is on the average 4 per
cent below the reference table value then if we compared directly with them the

test animals which came from a strain normally in agreement with the reference

tables—but which through experiment had had their tail length reduced by 3

per cent—it follows that the test animals, though modified by experiment, would
still have relatively longer tails than the first strain.

Consequently to compare with each other the results obtained from the two

strains, the deviations of both the controls and the test animals from the refer-

ence table values must be determined in both series and the differences within the

series be used for the cross comparison.
2 The same principle and procedure as described in Note 1 applies to the treat-

ment of different series taken, for example from our own colony, at different

times.
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cording to body weight or body length or age, as the case may
be. Thus by the use of the tables the determinations of the

deviations shown by the test animals taken individually can be

made and these values compared with the corresponding indi-

vidual determinations for the control group.
3

One further use of the tables when these are based on age,

may be mentioned. The comparison of the experimental re-

1 When the experimental conditions produce control and test animals different

in size a determination of the relative size of any organ cannot be made directly
or by the assumption that its normal size is in proportion to the body lengths or

body weights of the contrasted groups
—but only by comparison of the observed

values with previously established normal values.

The following observed values are taken from Hatai ('15 a), Table 3. D. Nor-
mal females—1914 series. They read as follows:

GROUP
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suits obtained on animals with the corresponding results on man
has heretofore been difficult because of the absence of a good

basis for comparison. We have found reason to assume that in

the case of the rat the postnatal span of life of three years is

approximately equivalent to the span of ninety years in man—
or to put it another way, that the rat grows thirty times as fast

as man. This ratio appears to hold for fractions of the span of

life, as well as for the entire span. All of the data for the Albino,

based on postnatal age, may therefore be compared fairly with

the corresponding data for man, if the time intervals are taken

as one for the rat to thirty for man. 4

Finally it is desirable to explain here a seeming inconsistency

in the arrangement of the material presented. In the Preface

the statement is made that Part I deals with the albino at,

while Part II deals with the Norway. So far as all of the im-

portant tables and records are concerned this statement does

not need revision.

4 As an example of the comparison of the rat with man in respect to certain

changes which are related to age the observations on the percentage of water in

the brain may be quoted—Donaldson ('10) :

TABLE 1

Comparison of the percentage of water in the encephalon of man and the albino rat

at corresponding ages

W - Weisbach, 1868 K = Koch and Mann, '09

MAN
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It has been found however in arranging the literature that it

would prove most useful to include in Part I all of the incidental

and general observations on the wild Norway, on the ground
that these applied to the entire species, and to reserve for Part

II the more precise data which apply to the wild Norway, as

contrasted with the domesticated Albino.

The reader therefore will find in the literature cited in Part

I papers referring to M. decumanus, M. norvegicus and Epimys

norvegicus as well as to the Albino (M. norvegicus albinus or

var. Albino), sometimes designated the 'white' rat.

As will be pointed out in the section on The Early History

of the rat, there is one more complication in this connection.

Through an error, unfortunately perpetuated by some of the

natural histories, the common Albino has been described as an

Albino of the house rat—Mus rattus.

It thus happens that in some of the papers cited it is reported

that the observations had been made on Mus rattus or ratus

(sic), the word albino being sometimes added—sometimes

omitted. In a few instances it is impossible to determine whether

M. rattus is used for the Albino or whether the house rat was

really studied.

In forming a judgment on these cases it must be kept in mind
that for the last half century the house rat has been rare and

hard to obtain both in western Europe and in the northern

United States, so that unless the author gives good evidence for

the name he has employed, it becomes highly probable that he

was working with some form of the Norway. For these reasons

it has been found most convenient to include also in Part I all

the references to the house rat (Mus rattus).

CLASSIFICATION AND NOMENCLATURE OF THE COMMON RATS

Up to 1881 Mus (Linnaeus, 1758) was used as the generic des-

ignation for both the rats and mice. In 1881 Trouessart pro-

posed the subgenus Epimys for the larger forms, the rats, reserv-

ing Mus for the smaller forms, the mice—Mus musculus being
the type. In 1910 Miller established the use of Epimys for the

rats and the change has been accepted.
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In the pages which follow however the designation Mus has

been retained for the rat—as the older term is well understood,
while the new term—Epimys—is at present generally unfamiliar.

The following condensed citations of the place of the original

descriptions
—with some of the associated references—serve to

give a brief history of the nomenclature.

MUS, Linnaeus, 1758

EPIMYS, Trouessart, 1881—Miller, 1910.

—norvegicus, Erxleben (1777 descr. orig.)—decumanus, Pallas (1778).—
aquaticus, Gessner, 1551.

Cosmopolita; ab Asia Occident, in Europam navibus translat. et

inde in omnes Orbis Regiones.—
rattus, Linnaeus (1758 descr. orig.)

Cosmopolita; ab Asia Occident., in Europam a navibus trans-

lat., et inde in omnes orbis regiones.—alexandrinus. Geoffroy, (1812 (or 1829 vide Sherborn, 1897) descr.

orig.)

Asia minori, Arabia, Aegyptus, Algeria, etc.

Italia, Hispania, Gallia merid.—orient, et occid., et inde in om-
nes orbis regiones.

Since attention was called to Erxleben's description in 1777

(Rehn, 1900) his specific name, norvegicus, as the designation

for the common brown or Norway rat, has been used in place of

decumanus (Pallas, 1778). The designation norvegicus is now
well established and will be used here.

There seems no question that Mus rattus and Mus r. alexan-

drinus are related to one another as color varieties of the same

species (de ITsle, 1865; Millais, '05) and they are so considered

in the following pages. For convenience we shall use the term

Norway or Norway rat for Mus norvegicus
—and the term Rat-

tus or house rat as a general designation for both Mus rattus

rattus and M. rattus alexandrinus unless the occasion calls for

the precise name.

Albinos of the house rat have without doubt existed in the

west of Europe at one time or another ever since this form over-

ran that region (Topsell, 1658) and one or more such skins, as

well as pied skins, from animals taken within the past fifty years,

are in several of our United States museums.
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At present Albinos of the house rat appear to be not uncom-
mon in India (Lloyd, '12) where the house rat population is large.

In western Europe and other regions in which the house rat pop-
ulation is waning, a careful search by several investigators dur-

ing the last decade has failed to reveal a living albino specimen.
At the present time, therefore, the Albino of Mus norvegicus

is the only albino variety generally found. In these pages this

form is designated Mus norvegicus albinus—when the name is

given in full, but where possible the single word Albino is used

for it.

When the albino variety is mentioned here the strain as com-

monly reared is the one meant. As a rule this strain is far re-

moved from its wild ancestor and moderately inbred. It may
be conveniently designated as the common albino strain. In the

colony at The Wistar Institute, we have in addition to this a

closely inbred strain reared by Dr. King and also a strain of

'extracted' Albinos. These latter are the Albinos descended

from the F2 generation of hybrids from the wild Norway and
the domesticated Albino.

During the first few generations after their appearance, these

extracted Albinos show clearly certain Norway characters, which

distinguish them from the rats with a longer albino ancestry.
With the peculiarities of either the inbred or of the extracted

strain, we are however not specially concerned at the present time.

While all Albinos breed true as to color, the composition of

the gametes is undoubtedly different among them in accordance
with their remote ancestry. Mudge ('10) recognizes thirteen

gametic types. The gametic dissimilarity of various Albinos
in respect to hair color is shown by the fact that in breeding
tests (Doncaster, '06 and Mudge, 10) Albinos extracted from
ancestors with characteristic differences in pigmentation will

reveal their origin by producing, when crossed with the pigmented
strain, characteristically pigmented descendents, the markings of

which can be predicted.
W e are naturally concerned with the gametic composition of

the general population of Albinos constituting our colonies today.
As the several colonies stand, the Albinos forming them do not
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form a strictly homozygous population, even from the standpoint

of color, since in subsequent crosses with pigmented forms they

give offspring with different color markings according to their

several latent characters. On the other hand it may be fairly

said that as yet we have no evidence for any correlation of the

somatic characters so far studied, with those slight differences

in gametic composition of the common albino strain which we
can recognize. It is to be noted moreover that the difficulty

which thus appears in the case of the albino rat repeats itself

for other mammals also, and therefore it does not constitute a

peculiarity of this animal.

classification: references

Alston, 1879-1882. Blasius, 1857. Doncaster. '06. Erxleben, 1777. Geof-

froy, 1812. Gesner, 1551. l'lsle, 1865. Linnaeus, 1758. 1766. Lloyd, '12. Mil-

lais, '05. Miller, '10. Mudge, '10. Pallas, 1778. Rehn, 1900. Topsell, 1658.

Trouessart 1881, 1897, '10. Tullberg, 1900.

EARLY RECORDS AND MIGRATIONS OF THE COMMON RATS

The common wild rats in the United States usally live in

close association with man. There are two species of these, both

of which have been introduced from Europe. These are Mus
rattus (Linnaeus, 1758; 1766 = Mus rattus rattus, Millais, '05)

together with its gray form, Mus alexandrinus (Goeffroy, 1812
;

= Mus rattus alexandrinus, Millais, '05) and Mus norvegicus

(Erxleben, 1777 = Mus decumanus, Pallas, 1778). This last

species is our common gray, brown or Norway rat. In addi-

tion to these, all of which are wild, there is a fourth form—the

albino rat (Mus norvegicus albinus) a variety of Mus norvegicus

(Hatai, '07) which is known at present only as a domesticated

strain (Donaldson, '12 b).

Mus rattus—the house rat—the first species described in west-

ern Europe, is probably indigenous to India. 1 As now found,

1 Fossil remains of the rat (Mus rattus) are reported in the pliocene in Lom-

bardy (Cornalia, 1858) and in the quaternary at Molina di Anosa near Pisa (For-

syth Major) and again from the pleistocene cave deposits of the island of Crete

(Bate '12). This species appears in glacial times (Diluvialzeit) and in associa-

tion with man in the remains of the Lake dwellers in western Germany and in

Mecklenburg (Blasius, 1857). It is reported also from the diluvial deposits in

Bohemia (Woldfich, 1880).
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the melanic form of Mus rattus (or Mus rattus rattus, Millais)

the 'black' rat, is more frequent in the colder latitudes, and Mus
rattus alexandrinus (Millais) the gray form (the 'roof or 'snake'

rat) in the warmer latitudes, but the two are not sharply segre-

gated. At the same time both of these seem more dependent
on warmth, or more resistant to it, than the Norway rat.

Although we shall have little to say in the following pages
about Mus rattus, yet it is desirable to give its history in order

to obtain the proper setting for Mus norvegicus, at present the

dominant species. The geological evidence just given indicates

the very early appearance of the house rat in Europe but our

records of its migrations all fall within the present era.

The history of the early migrations is of necessity vague and

incomplete, and even in the later times when dates are given it

must be remembered that such animals might have been present
for some time without appearing in numbers sufficient to cause

comment.

There is no good evidence that the Greeks or Romans before

the present era were familiar with the rat as a pest, and there-

fore, even if present, it was probably not abundant at that

period on the shores of the Mediterranean.

The history of the house rat from the earliest times to the

eleventh century makes an interesting archaeological study, but
the conclusions which may be drawn from the scanty records

and indefinite allusions are too uncertain to be of value for our

present purpose and we therefore pass directly to the later

authors.

Possibly as far back as the migration of the hordes (Volker-

wanderung, 400-1100 A. D.) and later in consequence of the

increasing use of trade routes with the East, the house rat en-

tered western Europe in appreciable numbers (Hehn, '11). It

is reported to have arrived there after the twelfth century (Kel-

ler, '09, citing Theodoros Prodromos). Giraldus Cambrensis,
2

(1146?-1220) records several anecdotes concerning it.

2 Albertus Magnus (d. 1280) is sometimes cited as having mentioned the black
rat. This is not correct. A. de l'Isle (1865) has pointed out that the description
in question applies to the dormouse—Myoxus quercinus.
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As the Norway rat did not reach western Europe until 1727-

1730 it follows that the European rat of the middle ages, the

rat of the legends of the Pied Piper
3
(1284), of the great plagues

(before 1700) and of the early anathemas against vermin, was
Mus rattus.

The species first brought to South America on the ships of

the very early explorers was Mus rattus (Vega, 1609; de Ovalle,

1646). Pennant (1781) gives 1544 as the date of arrival in Peru. 4

We have also a notable instance of a plague of these rats in the

Bermudas in 1615 (Lefroy, 1882).

Of the two species in question, Mus rattus is alone recognized

by Linnaeus in his Fauna suesica 1746, and in his Systema
(1758 and 1766). It does not concern us here to follow the his-

tory of Mus rattus in the United States further than to say that

this species only (represented by the two forms) was present up
to the time of the arrival of the Norway rat in North America
toward the end of the eighteenth century, and that Mus rattus

rattus—the black rat—is still found in a number of scattered

localities in the northern United States, while in the southern

states, Mus rattus alexandrinus is much the more common. It

does not appear that either of these forms has ever penetrated
far into the interior of the country.

Turning to the cosmopolitan Mus norvegicus
—the species at

present established in China, Japan, India, western Europe and

temperate North America—we find that the historical record of

its movements, though by no means complete, has the virtue of

being recent.

v. Gesner (Historia animalium, 1551) mentions a Mus aquati-
cus which appears to be the form now called Norvegicus, but

apparently he himself had never seen it.

According to Pallas (1831) the Norway rat invaded Europe
from the East early in the eighteenth century and was observed

3 It may be noted in passing that the ancient inscriptions in Hameln relating
to the Pied Piper do not mention the rat (Meinardus, 1882).

4 Pennant (1781) says there were no rats in South America before the time of

Blasco Minez. Minez is evidently a misprint for Nunez; Blasco Nunez being
the first Viceroy of Peru, from 1544r-1546.
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in large numbers crossing the Volga in the Russian province of

Astrakhan. Pallas gives 1727 as the year of this migration. In

view of other dates, this can hardly be the date of the first in-

vasion. The Norway rat reached England—probably by ships—about 1728-1730 (Donndorff, 1792) and was soon designated

the 'Hanover' rat by those who wished to connect the misfortunes

of the country with the recently established house of Hanover.

There is however no reason to suppose that the Norway rat

had yet reached Germany and the name has a political rather

than a scientific interest.

In 1750 the Norway rats are reported (Donndorff, 1792) to

have reached eastern Prussia and in 1753 they were noticed in

Paris (Donndorff, 1792). Their early distribution to other lo-

calities in Europe need not be recounted, but there is evidence

that they spread rapidly and soon displaced more or less com-

pletely the Mus rattus which had preceded them.

This historical sketch shows that the migration of Mus rattus

into western Europe antedated that of Mus norvegicus certainly

by some six hundred years, but the Norway rat being the more

pugnacious and powerful species has become dominant wherever

it has followed the earlier form.

This dominance is undoubtedly due in part to these charac-

ters of the Norway, but it seems probable that the progressive

disuse of wood as a building material has been a factor also

(Przibram, '12).

We find however that in many places, both in Europe and the

United States, where the house rat was thought to have been

exterminated, it still survives in small numbers.

The arrival of the Norway rat on the north Atlantic seaboard

of the United States is usually given as 1775 (Harlan, 1825).
The exact date, though of interest, is hardly important for our

present purpose.
Mus rattus was already in possession, but in the course of the

years, how rapidly we do not know, the Norway rat became the

dominant form in the northern latitudes of this country
—moving

along the trade routes to all points which furnish a continuous

food supply and a moderate summer temperature.



14 THE COMMON RATS

In the present connection our interest in the Norway rat is

due mainly to the fact that the common albino rat (M. n. a bi-

nus) kept as a pet or laboratory animal, and concerning which

we desire all possible information, is a variety of the Norway
rat. This relationship is shown not only by the usual methods

of comparison, but also by the haemoglobin crystals (Reichert

and Brown, '09) the shape of skull (Hatai, '07 c) and the fact

that the two forms interbreed freely.

Concerning the place and time of origin of the albino strain

there is little information at hand. Allusions to albino rats be-

fore the time when the Norway rat appeared in Europe clearly

show that there must have been an albino strain of Mus rattus.

What we know of the present distribution of Albinos of Mus rat-

tus has been given on pages 8 and 9 in the preceding chapter.

By some curious slip however, many of the natural histories

and books of reference speak of the common Albino as an Albino

of Mus rattus. This of course is not correct, but owing to the

confusion thus early introduced, it is difficult to trace the history
of the present albino variety

5 of the Norway.
We do not know whether the common albino variety had a

single or multiple origin, or whether the colonies found in Europe
(Rodwell, 1858) are directly related to those now existing here.

Moss, 1836, mentions Albinos in or near Bristol, England about

1822. In their general physical characters the European and
American Albinos are similar (Donaldson, '12 and '12 a). Judg-

ing from the way in which the Albinos of other species arise, we
may safely assume that the present strain is derived from one or

more albino mutants or sports (Hatai, '12). These must have
been captured and the albino descendents segregated and kept

6
Unfortunately there is one more complicating circumstance—namely, the

existence of a melanic variety of Mus norvegicus. This melanic variety is often

mistaken for Mus rattus rattus because of its color, and this leads to errors of

statement concerning the distribution of Mus rattus and also concerning the

ability of the two species
—rattus and norvegicus—to interbreed. They are in

fact mutually infertile (Morgan, '09) . The number of incidental allusions to this

melanic variety of norvegicus shows its occurrence to be widespread. See: Ed-

wards, 1871, 1872. Hamy,'06. risle,1865. Lapicque andLegendre, '11. Schaff.

1891. Webster, 1892.
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as pets, as at present
6 there is nowhere to be found an established

colony of Albinos living in open competition with the common

Xorways or with forms of Mus rattus, but all of the colonies are

maintained practically under conditions of domestication.

In the northern United States, except along the water front

of the larger ports, where the house rat arrives from time to

time on vessels, we have therefore to deal almost exclusively

with the Norway rat. The Norway has been in this region prob-

ably not more than a hundred and fifty years. Though living

wild, it is more or less dependent on the food conditions found

where man is established. The familiar Albino—Mus norvegi-

cus albinus—is a sport derived from the wild Norway, and is

the form on which most of the investigations here presented

have been made.

EARLY RECORDS AND MIGRATIONS: REFERENCES

Albertus Magnus, b. 1206—d. 1280. Barrett-Hamilton, 1892. Bate, '12

Baumgart, '04. Blasius, 1857. Borcherding, 1889. Campbell. 1892. Clarke.

1891. Cornalia, 1858-1871. Cornish, 1890. Donaldson '12 '12 a. '12 b. Donn-

dorff, 1792. Edwards, 1871, 1872. Fischer, 1869. Geisenheymer, 1892. Geof-

froy, 1812. Gesner, 1551. Giraldus Cambrensis, b. 1146?—d. 1220. Godman,
1826-1828. Gourlay, '07. Hamy, '06. Harlan. 1825. Hatai, '07, '07 c, '12.

Hehn, '11. Hossack, '07, '07 b. l'Isle, 1865. Keller, '09. Keller-Zschokke,
1892. Lantz, '09. Lapicque, '11. Lefroy, 1882. Liebe, 1891. Lindner, 1891.

Linnaeus, 1746, 1758. Lloyd, '10. '12. Lons, '08. Major (see Baumgart, '04).

Meinardus, 1882. Messer, 1889. Middendorff, 1875. Millais, '04. Mojsisovics,
'97. Moss, 1836. Murray, 1866. Ovalle, 1646. Pallas, 1831. Pennant, 1781.

Prodromus, Theodorus (see Keller, '09). Przibram, '12. Reichert and Brown,
'09. Rodwell, 1858. Schaff, 1891. Vega, 1688. Ward, '06. Webster, 1892.

Woldfich, 1880-1884.

Ratlenkonig.

Ahrend, '03. Demaison, '06. Dollfus, '06. Koepert, '04.

6
Rodwell, 1858, page 10, mentions what may have been a colony of Albinos

living wild at the Ainsworth Colliery near Bury, England.
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CHAPTER 1

BIOLOGY

1. Life history. 2. Span of life. 3. Puberty—ovulation—menopause. 4.

Period of gestation
—lengthening of the gestation period. 5. Superfecundation

—
Superfetation. 6. Fecundity and weight at birth. 7. Recognition of sex. 8.

Sex ratio. 9. Body weight according to sex. 10. Behavior, a) Under natural

conditions, b) Under experimental conditions.

1. Life history. The albino rat is born blind, hairless, with

a short tail, closed ears and undeveloped limbs. It responds to

contacts and olfactory and taste stimuli, utters a squeaking
sound and is capable of some locomotory movements which are

a combination of wriggling and paddling. The head is always

searching. The young can find their way back to the mother at

about ten days of age (Watson, '03) . The eyes open at from the

14th to the 17th days, most often on the 15th or 16th. King has

also observed that in a given Utter the eyes of the females usu-

ally open some hours before those of the males. For some seven

days more, i.e., up to the time when the young rats are 21-22

days of age, they are dependent on the mother. After this they

may be weaned, although if permitted, the young will depend

partly on the mother for some days longer.

This adjustment of relations fits with the fact that the female

may be impregnated one or two days after casting a Utter (Kirk-

ham, '10; Kirkham and Burr, '13) and since the gestation period
is about 21.5-22.5 days, this would enable the female to free

herself from the first Utter before the second one was born. As
will be pointed out later, the gestation period may be prolonged
in nursing animals.

When the young rats become habituated to independence, i.e.,

at about 25 days, they enter on a period of activity, the phases
of which have been followed by Slonaker ('07, '12). In the cases

which he observed, it was found that increasing age was accom-

19
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panied by increasing activity up to the age period of 87-120

days, after which the activity declined.

On the assumption that the span of life in man is thirty times

that of the albino rat (Donaldson, '08) this age of greatest ac-

tivity would correspond to the age of 7.5-10 years in man.

As shown by the records of activity (Slonaker, '12) the albino

rat is nocturnal. This habit can be modified more or less by

feeding or by disturbance during the day time.

The measure of activity in the cases observed by Slonaker

was the number of turns of the revolving cage in which the ani-

mal was kept, the cage being set in motion by the voluntary run-

ning or other movements of the animal, and the revolutions be-

ing automatically recorded. In the case of four rats kept in

separate revolving cages from 30 days of age until natural death,

the following record of activity was obtained (Slonaker, '12).

TABLE 2

Total number of miles run during life

AGE IN MONTHS
AT DEATH.



SPAN OF LIFE—PUBERTY—PERIOD OF GESTATION 21

Slonaker ('12, '12 a) working at Leland Stanford University

under the favorable climatic conditions of California, has made
some direct tests.

Four albino rats living in revolving cages attained an average

age of 29.5 months, while three control animals reared in sta-

tionary cages, but under conditions otherwise similar, attained

an average age of 40.3 months. In all these cases, death was

reported as due to 'old age.'

The average age of these seven individuals was about 34

months, while the greatest age, attained by one of the controls,

was 45 months. The three controls all lived longer than any of the

four in the revolving cages. It appears from this that living in the

revolving cage shortened the span of life—an unexpected result.

3. Puberty
—Ovulation and Menopause. Sexual maturity as

indicated by the structure of the gonads usually occurs in both

males and females at the age of about two months or less.

According to our observations, puberty in the female may oc-

cur at 60-70 days after birth—although the females usually be-

gin to breed at 90-100 days. On the other hand there are oc-

casional instances of remarkable precocity. In the breeding Al-

bino it is found that impregnation most readily follows 1^4 daj-s

after a litter has been cast. This accords with the time of ovu-

lation (Kirkham, '10; Sobotta and Burckhard, '10; Kirkham
and Burr, '13). During the breeding season of the female ovu-

lation occurs at intervals of about three weeks, but only from

April to October do the females regularly ovulate 20-48 hours

after parturition (Kirkham and Burr, '13). The menopause

commonly appears at the age of 15-18 months, but King (MS.,

'15) reports a female 22 months old—crossed with a male of

like age
—

giving birth to a Utter of one.

4. Period of gestation. The gestation period of the non-lac-

tating albino rat is usually stated to be about 21-22 days. In

the cases where the gestation period has been exactly recorded in

our colony the exact time of copulation and of birth having been

observed, Stotsenburg (MS '14) has found it to be from 21 days
and 15 hours to 22 days and 16 hours.
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Lengthening of gestation period. King ('13), makes the follow-

ing statements which apply to lactating Albinos, maintained

on a mixed diet.

The gestation period in lactating albino rats is of normal length if

the female is suckling five or less young and is carrying five or less young.
The gestation period may be prolonged from one to six days if an al-

bino female, suckling five or less young, is carrying six or more young.
The period of gestation is always prolonged when a female is suckling

six or more young. In these cases the number of young in the second
litter seems to have less influence on the length of the gestation period
than has the number of young suckled; but if both litters are very
large the gestation period may be extended to 34 days.

5. Superfecundation and superfetation. Superfecundation oc-

curs occasionally in the albino rat and causes an interval of two,

three or more days between the birth of different members of

the litter (King, '13).

In support of this statement the following instances are cited:

1) Litter born October 27, 1911; examined November 10,

1911, 12 individuals—11 of these weighed about 14 grams each.

The remaining one had very little hair, weighed 7.1 grams and

appeared 4-5 days old.

2) Litter born December 20, 1911; examined January 2, 1912,

10 individuals—9 of like size weighed 16-17 grams each. The

remaining one small; hair just appearing; weighed 10.8 grams.

3) Litter born February 26, 1912; examined March 11, 1912,

10 individuals—3 had their eyes open and weighed 10.1-10.5

grams. The remaining seven were apparently but one or two

days old and weighed 4.2 grams on tire average.
In rare instances ovulation takes place in the albino rat dur-

ing pregnancy and superfoetation occurs. In two cases of this

kind litters have been produced at intervals of about twoweeks

(King, '13, pp. 388 and 389).

6. Fecundity and weight at birth. At the beginning of ovula-

tion in the albino rat Sobotta and Burckhard ('10) find on the

average a total of thirteen ova in both fallopian tubes. The

largest litter we have noted in the common Albino contained

sixteen. One instance also of sixteen fetuses 18 days old has

been observed Stotsenburg (MS '15).
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Kolazy (71) reports litters consisting of 5-17 young. Crampe

('84) records for 2503 young represented by 394 litters, an av-

erage of 6.3 per Utter. From 1911-1913, 275 Utters (1928 in-

dividuals) in our colony gave an average of 7.0 individuals per

Utter, and in 1914, 814 litters (5691 individuals) gave an average

of 6.99 individuals per Utter. Litter size does not appear to be

influenced by season (King and Stotsenburg, '15).

Under certain food conditions the size of the Utters is much
modified. When an exclusive diet of ox flesh is given to Albi-

nos—2-4: months of age at the beginning of the experiment
—

and these are compared with control rats fed on bread and milk,

Chalmers Watson ('06 a) finds in the meat fed Albinos preg-

nancy less frequent, the weight of the mammae less, and the

average number of young in a Utter, as well as the average weight

of the young, both smaUer than in the controls. Such an ex-

clusive meat diet is therefore unfavorable both for breeding and

for early growth. On the other hand, Stotsenburg (MS '15)

found that mothers fed on a table scrap diet produced a larger

number of fetuses than those fed on bread and milk.

As to the size of the Utters at different periods in the life of

the female, there are a few observations. Lloyd ('09 a) in his

studies on two strains of the house rat, pubUshed tables which

he interpreted to mean that the number of individuals in a Utter

was independent of the body weight of the mother. Pearson

('10) however was able to show from Lloyd's data that in both

groups the number in a Utter increased with the body weight of

the mother.

It seems probable however that the heavier rats were also

older, as Pearson suggests, and that the proper interpretation of

the increase in the size of the litter is to relate it with the age of

the mother. In these groups none of the animals were beyond the

prime of life and hence the explanation is very probably correct.

There is now available some detailed information on the rela-

tion between the weight and age of the mother and the charac-

ters of the young.
A study of 11 litters of common albino rats containing 91

young bred by King (MS '15) at The Wistar Institute, gives
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the average individual birth weight for the male as 4.72 grams
and for the female 4.56 grams.
The data from these 11 stock litters used for tables 3, 4, 5, 6

have not been published elsewhere in a separate form. In the

paper by King ('15) ,
however these data are combined with corre-

sponding data for the inbred Albinos to form similar tables.

The results obtained from the stock data here given are quite in

agreement with those from the combined data of King (' 15) . The
birth weight may be modified by a series of conditions as shown
in the following tables.

TABLE 3.

Influence of the age of the mother on birth weight

NUMBER OF
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give regular results, but if we take the extreme records, we find

that in the small litters of 6.5 the individual birth weight is

higher than in the large Utters of 10 or more (table 5).

The failure to get regular results is probaby due to the small

number of cases here used.

TABLE 5

The influence of the size of the litter on the individual birth weight

. XT7MBEB OF
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of King. The general conclusion which King reaches is that

increasing weight or increasing age of the mother (the two being

correlated) give a heavier birth weight, while the increase in the

number in a litter tends to diminish the individual birth weight.

There is to be observed also a diminution in birth weight in

those litters born of mothers below the standard in size, or suffer-

ing from infectious disease. With the larger material just men-

tioned, it is also possible for King and Stotsenburg ('15) to show

a modification of the birth weight in relation to the place of the

litter in the series of litters born by a given female, see table 7.

TABLE 7

Showing the sex ratios and average number oj young in 75 litters of stock albino

rats. Data arranged according to the position of the litters in the litter series

LITTER SERIES
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As a rule the descent of the testes occurs about the fortieth day
of age or somewhat earlier. The following is a condensed form

of Jackson's table for the ano-genital distance.

TABLE 8

Ano-genital distance in young albino rats of various ages

AGE
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nos of the common strain, the following maximum weights for

each sex at known ages have been observed by King (MS '15).

TABLE 9

Body weight in grams

AGE IN DAYS



CHAPTER 2

HEREDITY
1. General.—2. Coat color

Inbreeding brother and sister from the same Utter of Albinos

for twenty successive generations (King, 1911-1915, MS) has

not been followed by any physical deterioration.

Studies on heredity in the Norway rat have been concerned

mainly with the inheritance of coat color. The gray coat of

the wild Norway is dominant in crosses between the wild gray
and the Albino. The Albinos in the F2 generation appear in the

proportion of one Albino to three pigmented. In the F2 and in

the later generations pied animals may be had and the color

pattern both fixed and modified by selection (Castle, '12, 12 a,

and Castle and Phillips, '14). The inheritance of brain weight
in the reciprocal crosses Norway X Albino has been studied

byHatai (MS '13).

The references to the literature are grouped into 1) those

touching the general problem and 2) those especially applying
to coat color.

heredity: references

1. General. Castle, '11, '12, '12 a. Castle and Phillips, '14. Crampe, 1883,

1884. Darwin, 1883. Hagedoorn, '11, '14. Hatai, '11 a, '12. Lloyd, '08, '09,

'11. Pearson, '11. Przibram, '07, '10, '11. Ritzema-Bos, 1894. Yerkes, '13.

2. Coat color. Bateson, '03. Castle, '14 a, '14 b. Castle and Phillips, '14.

Crampe, 1877. Doncaster, '06. Fischer, 1874. Frederic, '07. Haacke, 1895.

MacCurdy and Castle, '07. Morgan, '09. Mudge, '08, '08 a, '09.
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CHAPTER 3

ANATOMY
1. Anatomy, general. 2. Embryology, a) Spermatogenesis, b) Ovulation,

c) Earlier stages, d) Later stages. 3. Bones, joints and connective tissues.

a) Teeth. 4. Muscles. 5. Vessels and lymphatics, a) Blood. 6. Nervous sys-

tem, a) Central 1) Brain. 2) Spinal cord, b) Peripheral. 1) Cerebral.

2) Spinal nerves and ganglia. 3) Autonomic, c) Technical methods. 7. Sense

organs. 8. Integument. 9. Gastro-pulmonary system, a) Gastro-intestinal

system, b) Pulmonary system. 10. Uro-genital system. 11. Endocrine

system.

Since this book purposes to present mainly those results that

can be systematically arranged and are in a quantitative form
—there will appear several divisions of this chapter marked only

by references to the literature.

Further, even in those divisions for which there are some
available data it happens in many instances that the presentation
of them can be better given in the chapters which treat of growth—and in such instances the reader is merely referred to the later

place of presentation. These general statements apply to the

subsequent chapters as well.

1. Anatomy, general. In only two instances has the rat been

used as the basis for a general presentation of mammalian anat-

omy. These are in the books by Martin and Moale, 1884, and

Goto, 1906. The remaining references are to studies which ap-

ply to portions or systems only (see classified references—at the

end of the chapter).

2. Embryology, a) Spermatogenesis. According to Hewer

('14):

In the newborn animal, active mitosis is occurring in the testis, and
at 31 weeks the spermatogonia can be distinguished from the spermato-
cytes. No lumen begins to appear in the tubules as a rule until 7

weeks. At 8 weeks spermatids are easily distinguishable: at 8£ weeks
isolated spermatozoa may occasionally be seen. At 9 weeks typical

ripe spermatozoa are plentiful, but the fully formed epididymis con-
tains no free spennatozoa. At 10 weeks all the tubules show active

30
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spermatogenesis : the second crop of spermatozoa is appearing, while

the first crop can be seen in the epididymis. Reduced number of chro-

mosomes 19. Allen (MS '15).

b) Ovulation. According to the observations of Sobotta and

Burckhard, '10, ovulation is simultaneous in both ovaries—as

many as 13 egg cells have been found discharged. The ovum—
after fixation with Zenker's solution containing somewhat less

than the usual proportion of acetic acid—measured 60-65 n in

diameter with a nucleus about 25 n in diameter. The reduced

number of chromosomes is 16. The full number of chromosomes

32. The authors incorrectly assume that the common Albino is

a variety of Mus rattus.

For the diameter of the living unsegmented egg Kirkham and

Burr ('13) give 79 n as a mean value.

For the volume of the ovum see table 11.

c) On the early stages of development we have the observations

of Huber ('15 a). His description is as follows:

The material at hand permits the conclusion that in the albino rat

the segmenting ova pass from the oviduct to the uterine horn at the
end of the fourth day after the beginning of insemination, probably
in the 12-cell to 16-cell stage. With the beginning of the fifth day, as
will appear from further discussion, all of the ova are to be found in

the uterine horn.

The following summary of the data gained by a study of the models
of oviducts containing ova in stages from the pronuclear to 12-cell to

TABLE 10

Shouring the distance of the ova jrom the fimbria at various ages. Based on table

S, Huber ('15a)

RKCOBD NTTM-
BEE

SIDE
RECON-

STRUCTED

NUM-
BER OP
OVA

106.

59.

62.

50.

51.

R.

R.

L.

R.

L.

1 day
2 days
2 days 22 hrs.

3 days 1 hour
4 davs

Pronuclear

2-cell

2-cell

4-cell

12 to 16 cell

i
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16-cell stages in which latter stage transit to the uterine horn occurs,
is presented to indicate rate of transit within the oviduct. The regu-

larity of the rate of transit as revealed in the summary may perhaps

speak for the trustworthiness of the age data as concerns my material.

It will be observed that the ova approach the uterine end of the ovi-

duct while in the 2-cell stage (see table 10) ;
transit through the last

portion of the oviduct, where the greater part of the segmentation oc-

curs, being relatively slow. It is hoped that these data, for the accuracy
of which I am dependent on reconstructions, may be of service to others

who may desire to collect segmentation stages of the albino rat.

In order to obtain the volume changes of the ova during transit

through the oviduct, beginning with the pronuclear and extending to

the 8-cell to 11-cell stages, reconstructions were made at a magnification
of 1000 diameters of ova presenting the stage in question. The respec-
tive volumes of these models were determined and the data reduced to

the actual volumes.

table n

Volumes of ova and embryos. Based on table 4 Huber ('15 a)
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the length of the oviduct, there occurs only three successive mitotic

divisions, including the first segmentation division, namely mitoses re-

sulting in 2-cell, 4-cell, and 8-cell stages while the ova are in transit in

the oviduct. In making this statement it is assumed that in the suc-

cessive segmentations, the several cells divide synchronously, which is

not in conformity with the fact. These three mitotic divisions are

spaced at intervals of about 18 hours.

In the next following division, the fourth, the ovum passes from the
oviduct to the uterine horn. Since the normal gestation period of the

non-lactating albino rat is only 21 to 23 days, this slow rate of increase

in volume and multiplication of cells during the first four days of de-

velopment is of especial interest and is very probably to be accounted
for by the inadequacy of the food supply of the ovum during its transit

through the oviduct.

d) Later stages. Observations have been made by Stotsen-

burg (MS '15) on the daily increase in the weight of the fetus

from the 13th to the 22nd day after insemination. The data

and graph are given in chapter 5, pp. 64 and 65.

3. Bones, joints and connective tissues. On the following page
is an enumeration of the bones forming the skeleton of the rat.

For data on the growth of the entire skeleton see Chapter 6.

Skull measurements have been made by Hatai ('07 c). The

following description is extracted from his paper.

For this study 53 male and 51 female skulls of mature Albinos (rats

more than 150 days old) were measured. These skulls had been care-

fully cleaned and dried at room temperature. The following measure-
ments were made with vernier calipers: 1) the length of the entire

skull; 2) the fronto-occipital length; 3) the zygomatic width; 4) the

length of the nasal bone; 5) the height of the skull; 6) the width of

the cranium or the squamosal distance. In every case the maximum
length alone was recorded in millimeters.

The horizontal straight line joining the tip of the nasal bone to the

end of the occipital bone is called the length of the entire skull. This
however is not exactly equal to the sum of the length of the nasal bone
and that of the fronto-occipital.
The fronto-occipital length was determined in the following way:

Since the length measured with the calipers from the tip of the nasal

bone to the posterior end of the inter-parietal bone is usually less than
• the length measured from the same point to the end of the occipital

bone, both measurements were taken (see fig. 1). The difference be-

tween these two measurements was added to the length from the tip
of the frontal bone to the end of the inter-parietal bone, and the sum
was called the fronto-occipital length.
The width of the cranium (squamosal distance) was determined by
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Skull

LIST OF BONES

Nasals 2

Premaxillae 2

Maxillae 2

Jugals 2

Palatines 2

Vomer 1

Lachrymals 2

Ethmoid 1

Frontals 2

Cranium \ Sphenoid 1

Presphenoid 1

Parietals 2

Squamosals 2

Interparietal 1

Occipital 1

Periotic capsules 2

Tympanic bones 2

("Malleus 2

•j
Incus 2

[Stapes 2

Mandible 2

Ear
bones

Teeth 16

Hyoid 1

Cervical 7

Dorsal or thoracic 13

Vertebrae I Lumbar 6

Sacral 4

Caudal (about) 30

!

Vertebrosternal 14

Vertebro-costal 6

Vertebral 6

Sternum

Shoulder ( Scapula 2

girdle \Clavicle 2

pelyic f
Ilium 2

. „ ^ Ischium 2
girdle

[Os pubis 2

Humerus.
Ulna
Radius. ..

!

Carpus 16

Metacarpus.. 10

Phalanges.... 28

Femur.

Tibia..

Fibula.

[Patellae
2

Sesamoid { 2 back of

bones [ Femur 4

!

Tarsus 16

Metatarsus... 10

Phalanges.... 28

281

Nails (20) omitted

taking the maximum distance between the two points (right and left)

where the zygomatic bones rest on the lateral walls of the cranium.
The height of the skull was determined by measuring a perpendicular
distance between the greatest convexity of the parietal bone in the me-
dian line and the junction line between the basi-occipital and the basi-

sphenoidal bones on the ventral surface.

The cranial capacity was determined in the following way : The skull

was held vertically, with the nose downwards and was filled with fine

shot (no. 11) to the upper level of foramen magnum and then the nose
of the skull gently struck twice against the palm of the hand.
The space thus formed was again filled. Although this is a simple

procedure yet it needs the greatest care to produce uniform results.
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By practice Hatai has been able to reduce the difference between the

first and second filling to less than one per cent. The cranial capacity
thus determined in the terms of shot weight can be transformed into

brain weight as follows: by dividing the weight of the shot in the case

of the males by 5.980 and in the case of the females by 6.009. The re-

lations between the cranial capacity, in terms of shot weight, and the

body weight are represented by the formulas (8) and (9) .

TABLE 13

Showing the range of variates and rate of increase for various characters according

to sex Hatai {'07 c)
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The greatest difference found between the measurements of

the skulls for the two sexes is in the nasal bones, which are

nearly 2 per cent longer in the male skull. The greater relative

length of the nasal bones in the male may be regarded as a sec-

ondary sexual character (Hatai).

a) Teeth. Addison and Appleton ('15) report as follows on

the size and growth of the incisor teeth in the Albino.

The dental formula of the albino rat is

4 o-: M M
i

There is only one set of teeth, and hence the dentition is mono-

phyodont. The time of eruption of the various teeth extends

over a period of 3| weeks. The incisors are the first to appear,

viz., at 8 to 10 days after birth. The first and second molars

erupt at about the 19th and 21st days respectively, and it is

after this latter period that the young animals may be weaned
and are able to maintain an independent existence, as far as food

is concerned. The third molars are delayed until two weeks

later and do not appear until about the 35th day.
The incisors are permanently-growing (or rootless) teeth, while

the molars have a definite limited period of development and

acquire roots. A wide diastema separates the incisors from the

molars as may be seen by reference to figure 1 (loc. cit.) The
incisors are strongly curved and Owen (1840-1845) has described

the lower incisor as being the smaller segment of a larger circle,

and the upper incisor as the larger segment of a smaller circle.

In the case of lower incisor of the albino rat this statement

needs a slight modification.

The times of the early stages of development of the incisors

were as follows:

14 day fetus—slight thickening of oral epithelium.
15 day fetus—distinct thickening and growth inwards of oral epithelium.
16 day fetus—dental ledge and beginning of flask-shaped enamel organ.
17 day fetus—dental papilla with crescentic enamel organ capping it.

19 day fetus—both ameloblasts and odontoblasts differentiated.

Xew-born animal—enamel and dentine formation begun.
8 to 10 days—eruption of the tooth.
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The rate at which the teeth increase in length during their

formative period and prior to attrition is given in the following

table :
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Throughout life growth continues, and in the adult animal

is on the average 2.2 mm. per week in the upper and 2.8 mm. per

week in the lower incisor.

In a five months animal the thickness of the enamel and its

constituent layers measured in the mid-line of the teeth is given

in table 15.

Measurements of the incisors and skulls of animals of different

ages were made and are shown in table 16.

The lower incisor of a five months animal forms a segment of

about four-fifths of a semicircle (140-145°).

4. Muscles. Morpurgo (1898) has furnished data on the Muse,

radialis of the albino rat; giving the number of muscle fibers and

of nuclei at different ages (table 17) .



40 ANATOMY

The Albinos were from The Wistar Institute stock strain,

grown on the scrap diet and examined before the day's feeding.

The rat was chloroformed, but before the heart ceased beating
it was exposed in situ, the tip clipped away and the blood from

it caught in a small glass weighing bottle. The fresh weight
was immediately taken and after drying at 95°C. for a week
the weight of the residue was obtained.

The results are given in table 18.

TABLE 18

Percentage of water in the blood of the Albino, Hatai (MS. '15)

SEX
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In addition the observations of Rivas, University of Pennsyl-

vania (MS '14) are given in table 19. The data are arranged

according to the increasing haemoglobin content.

For the wandering cells we have tables 20 and 21 by Kan-

thack and Hardy, 1894.

TABLE 20

Showing the percentage and size of the various forms of the wandering cells of the

blood in the rat

TYPE OF CELL
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TABLE 22

The number of mitoses in 13 consecutive sections, each section 6.75 n in thickness,

from the brain and spinal cord of rats at different stages of development. The

fetus weighed 0.78 gms. and had a crown-rump length of 17 mm. It was probably
at 17.5 days of gestation.
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The diameters of the Purkinje cells have been studied by

Addison, '11.

The Albinoswere from the stock colony of TheWistar Institute,

reared on the scrap diet. The cerebellum was fixed in Ohlmach-

er's solution (King, '10) imbedded in paraffin and stained with

carbol-thionine and acid fuchsin. The values for the respective

diameters given in table 24 are in each instance averages of ten

measurements from the largest cells found in equivalent areas at

the several ages. The measurements stop at 20 days of age.

After this age there is but little change in the diameters of the

largest cells.

TABLE 24

Diameters of Purkinje cells and their nuclei
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TABLE 25

Oculo motor nerve
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are the enumerations for the myelinated fibers in the ventral

roots (Hatai, '03 b).

It was found that the number of myelinated fibers in the ven-

tral roots diminishes from sections near the spinal cord to those

near the spinal ganglion. The amount of the diminution de-

creases with the age (body weight) of the rat. The increase in

the number of cells in the spinal ganglia from the small to the

large rats is certainly due in part to the fact that in the small

animals some of the smallest ganglion cells escape enumeration.

The increase in the number of myelinated fibers in the spinal

roots with advancing age is due mainly to progressive myelina-
tion. Both roots at maturity still contain functional fibers with-

out myelin sheaths (Ranson, '06).

TABLE 27

Number of ganglion cells and number and size of myelinated root fibers in spinal
nerves from three levels of the spinal cord at five ages (body weights)
Results from Tables II, VI and VIII combined. Hatai ('02)

Also data on ventral root fibers from Hatai ('03 b)
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For the numerical relations of cells and fibers in the second

cervical nerve data have been furnished by Ranson ('06) .

TABLE 28

Second cervical nerve

Observations on normal male rats (Albinos.) Osmic acid fixation
—

paraffin sections
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in the relative area of the axis with age, as well as a decrease in

the total areas in the oldest group.

TABLE 30

Giving for Albinos of different ages the numbers of myelinated fibers in the ventral

root of the second cervical nerve and the areas of the fibers. Dunn {'12)

AGE, NUMBER. SEX
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ganglion was fixed in osmic acid and imbedded in paraffin. The
mean values are as follows:

TABLE 31

MEAN DIAMETER STANDARD DEVIATION COEFFICIENT OF
VARIATION

Cell body.
Nucleus. ..

28.6

13.1

14.9

1.8

18.4

13.7

On the basis of these observations, formula (12) was devised

for computing the diameter of the nucleus from the diameter of

the cell body.
For comparison with the data in table 31 see data in table

26 obtained by a different method of fixation.

The number of myelinated fibers in the peroneal nerve of the

normal Albino is given from Greenman's observations ('13) in

table 32. Ages not known.
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Greenman ('13) also found in osmic preparations the sectional

areas of the 10 largest myelinated fibers and the areas of their

axes. The length of nerve used was 10 mm. The results are

given in table 33.

8) Autonomic. In the course of a study intended primarily

to determine whether the small myelinated fibers in the spinal

accessory could be regarded as representing the fibers of the

rami communicantes, Roth ('05) in a series of cervical nerves,

counted on one side the number of myelinated fibers 4 n or

less in diameter, and in the corresponding ramus communicans
he also counted the myelinated fibers of like size.. His findings

are given in table 34.
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TABLE 35

Summary of Data Collected {King '10)

6
z
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TABLE 35—Concluded.



52
,

ANATOMY

5. If rats' brains are subjected to the action of a solution of for-

maldehyde that is kept at a constant temperature of 36°C, they under-

go a greater amount of swelling than is produced when the solution is

kept at a temperature of 8 to 11°C. The maximum weight increase

in the brains is reached by the end of the first day in the former case,
and not until the third day in the latter case.

6. When the conditions under which the solution acts are uni-

form, the maximum weight increase in rats' brains subjected to the

action of a 4 per cent solution of formaldehyde is attained in all cases

by the third day, and there is then a gradual decrease in weight. Brains
of very young animals tend to reach the maximum earlier than do those

of older animals.

7. The percentage weight increase in rats' brains as the result of

the action of a 4 per cent formaldehyde solution tends to be greater
in the brains of young animals than in those of adults.

8. In animals of the same age the larger brain does not show a greater

percentage weight increase after treatment with a solution of formal-

dehyde than does the smaller one.

9. A 4 per cent solution of formaldehyde extracts solids from the
brains of rats of all ages. This is shown by the fact that the percentage
of solids in brains that have been subjected to the action of such a

solution is always less than that found in the fresh brains of animals of

the same age. Brains of very young rats lose much more of their solids

than do brains of older animals.

10. Brains of animals infected with pneumonia show a slightly

greater percentage weight increase when treated with a 4 per cent

solution of formaldehyde than do the brains of healthy animals.

11. Even under the most favorable conditions an aqueous solution

of formaldehyde is not a satisfactory fixative for the cell structures in

brain tissues, as it causes a pronounced distention of the nuclei and

gives a poor preservation of the nuclear contents.

The more important data are given in tables 36, 37, 38, 39, 40.
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TABLE 3«

Percentage weight increase in rats' brains, each kept for ten weeks on 40 cc. of a

neutralized solution of 4 per cent formaldehyde made five months before the experi-

ments began (averages for three brains at each age)
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TABLE 38

Percentage weight increase i% rats' brains, each kept for four weeks in Ifi cc.of a

neutralized solution of 4- per cent formaldehyde made fresh for each lot of animals

killed (averages for two brains at each age)
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TABLE 40

The percentage of solids in brains of rats of various ages kept from four to eighteen

weeks in solutions of 4 Ver cen ^ formaldehyde {computations made from original

brain weights)
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termined by Morgulis ('11). The organs were fixed in Zenker's

solution and imbedded in paraffine and were taken from one

normal Albino—110 days old; body length 176 mm.; body weight,
137.7 grams.

TABLE 41

Liver cells

NO. OP
MEASUREMENTS
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1. Muscle and nerve. 2. Nervous system, a) Central, b) Peripheral, b 1

)

Degeneration, b2
) Regeneration. 3. Special senses. 4. Blood and lymph. 5.

Circulation—blood and lymph. 6. Respiration. 7. Digestion and secretion

(exclusive of ductless glands). 8. Nutrition, a) Body temperature. 9. Repro-
duction. 10. Endocrine system.

The quantitative data for the functions of the normal Albino

are rather scanty. Those available are given in their topical

order and the references at the end of the chapter are also ar-

ranged by topics
—as usual.

Tabular records for the very important studies of Osborne

and Mendel on the modifications of body growth by the use of

various proteins are reluctantly omitted because of the general

plan of presenting in these pages data for the normal rat only.

8. Nutrition. A study of the nitrogen excretion has been

made by Hatai ('05). Chicago Colony, ration: Uneeda biscuit

and water.

From observations on 89 male rats at different ages and weights the

following results were obtained:

1. The total amount of urine increases with the weight up to 120

grams, then decreases very decidedly. From 180 grams it again in-

creases up to 220 grams, beyond which weight it remains rather constant.

A diminution of urine in animals between 120 and 180 grams, or ap-
proximately 70-125 days old, seems to be a normal phenomenon rather

than mere statistical variation. Whether or not this is a phenomenon
of adolescence needs further investigation. It must be noted, how-

ever, that puberty in the rat begins at about seventy days after birth.

The smaller animals excrete a relatively greater quantity of urine than
the larger animals.

2. The total amount of nitrogen is quite independent of the amount
of urine, and increases constantly and continuously throughout life.

The smaller rats, however, excrete a relatively greater quantity than
the larger animals.

3. The percentage value of urinary nitrogen is 91 per cent of the
total in the case of smaller animals, and 89 per cent in the case of the

larger.
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TABLE 42

Showing the amount of urine, feces, and nitrogen during three days. Male

rats alone were used

X
2

> a

§>
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4. The total amount of nitrogen eliminated by the rat during twenty-
four hours at different weights may be determined with a high degree
of accuracy by the formula (33).

The normal protein metabolism of the rat has been studied

by Folin and Morris ('13). They find a distribution of nitro-

gen in the urine as shown in tables 43, 44.

TABLE 43

Female rat weighing 290 grams.
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('14) using the thermoelectric method of Philips and Demuth-
obtained the following:



62 PHYSIOLOGY
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1858, 1858 a, 1858 b. Hohlbaum, '12. Hunt and Seidell '09. Iselin, '08.
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CHAPTER 5

GROWTH IX TOTAL BODY WEIGHT ACCORDING TO
AGE

1. Introduction. 2. Growth before birth. 3. Growth between birth and

maturity. 4. Modifications of growth in total body weight. 5. Weight-length
ratios.

1. Introduction. Under the general caption of growth several

series of data are grouped in this chapter and in the four chapters

which follow it. The chapter heads explain the several group-

ings and show that some data are presented according to age
and other data according to some bodily measurement.

The reasons for this procedure will be evident in each instance.

The effort has been made to gather as much of the data as pos-

sible under the caption of growth as this seemed the best way
to make the records available for reference.

The following tables present the size, weight and composition
of the albino rat and some of its parts, under conditions which

may be considered normal.

As regards absolute measurements, it must be borne in mind
that the Albino is very responsive to external conditions as rep-

resented by food, housing, temperature, exercise, and incidental

disturbances, especially light and noises.

No two colonies today are kept under more than approximately
similar conditions and it follows that the average size of the

animals from different colonies varies. The conditions just

noted also appear to influence the relative weights of some of

the viscera. For these reasons, each set of determinations will

be accompanied by a statement, as complete as possible, con-

cerning the special conditions surrounding the animals on which
the observations were made.

2. Growth before birth. For the data on growth during the

first few days of fetal life, see Chapter 3, Embryology, early

stages, pp. 31-33 Huber ('15 a) and other references there given.
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At about the 13th day after insemination the fetus is large

enough to be directly weighed and from this date to birth the

growth has been followed.

In a series of 38 females, each of which had already born one

litter, Stotsenburg (MS '15) has observed exactly the time of

Fetus of albino rat

Weight in grams

13 14 )5 16 17 18 19 20 21 22 Days

Chart 1 shows the course of fetal growth from the 13th to the 22nd day
gestation. Stotsenburg (MS '15). The data are given in table 46.

insemination and then weighed the fetuses at the ages given in

table 46. Before weighing the membranes were removed and in

some instances the crown-rump length was measured (table

47) . The graph representing the growth before birth from the

13th day on is given in chart 1, the interval used for one day be-

ing two-fifths of that used for one gram.



GROWTH BETWEEN BIRTH AND MATURITY 65

3. Growth between birth and maturity. The first observations

were made at the University of Chicago by Donaldson, Dunn
and Watson ('06) on stock rats fed mainly on milk-soaked bread

TABLE 46

Showing the mean weights of the fetuses at ten ages during gestation

AGE IN DAYS
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data (Donaldson, MS '14). After the 14th day the weighing
of 19 males and 17 females was made at frequent intervals, so

long as the animals kept in good condition. Tables 63 and 64

give for males and females respectively not only the mean values

but the range, and in the case of the females, after 90 days, the

Growth in body weight Albino Rat
HI

Body wetgM ii\ QmmM

WM
Chart 2 Growth in body weight on age. Male albino rat.

A. Observations of Donaldson, Dunn and Watson ('06). See table 63.

B. Observations of Ferry, '13. See table 65.

B'. Observations of Ferry, '13. See column 2, table 65.

C. Observations of King (MS '15). Data from two series combined. See
table 67.

observed values for the unmated animals are accompanied by
a second series of values computed for mated rats on the basis of

Watson's ('05) observations which show that mated females gain
in weight about 0.03 per cent per diem faster than the unmated.
These data are used for graph A, chart 2, males, and graph A,
chart 3, females.
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Using the mean values in table 63 for the males from 10 days
of age on, and the corresponding values in table 64 for the fe-

males and taking the records for the mated females where given,
Hatai has determined the graph for which formulas 34 and 35

give the values for the male, and formulas 36 and 37 the values

for the female for this special series. By the use of these formu-
las the body weights have been computed for each day of age

,

Growth in body weight Alb.no Rat
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Chart 3 Growth in body weight on age. Female albino rat.

A. Observations of Donaldson, Dunn and Watson ('06). See table 64.
B. Observations of Ferry, '13. See table 65.

C. Observations of King (MS '15). Data from two series combined. See
table 67.

from 10-100 days and at intervals of five days from 100-365

days (see table 62).

The values given for the first ten days of age in table 62 have
been obtained from a revised series of direct observations Don-
aldson (MS '14).

The weight at birth as here given, is for rats that have suckled.
A second series of data for body weight on age have been

gathered by Miss Ferry.
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Using the rats from the colony maintained for the experiments

of Osborne and Mendel at the Connecticut Agricultural Station

in New Haven, Ferry ('13) has recorded the growth with age
from the 10th to the 280th day of life.

The diet of the rats consisted of Austin's dog-biscuit, and

sunflower seeds with fresh vegetables (chiefly carrots or corn and

string beans) two or three times a week, and a small amount of

cooked meat twice a week. A little salt was always kept in the

cage. The cages were small.

Table 66 gives the numbers of rats weighed at the several ages

and table 65 the mean values for each sex. The females were

unmated. In chart 2 graph B shows the values for the males and

in chart 3 graph B shows the values for the females.

The broken line record marked B' in chart 2 gives the values

found in column 2, table 65, and probably gives the truer picture

for the normal weight change.

Finally at The Wistar Institute King (MS '15) has conducted

two series of observations (1912-1913) (1913-1915) on the in-

crease in body weight with age in stock Albinos. There were 23

males and 23 females in the first series and 27 of each sex in the

second. The records for the two series have been combined.

The observations extend from 13—185 days and the weighings

were made at the ages given in table 67. These rats received a

'scrap' diet (i.e., a diet composed of table refuse from which

materials known to be injurious had been removed) .

In chart 2 the record for the males is given by graph C and in

chart 3 the record for the females by graph C. In chart 4 the

graphs for both sexes appear extended to 485 days.

In 1913 Jackson ('13) published a series of body weights for

both sexes according to age, but as these animals did not grow
well after about 70 days of age, the table has not been copied here.

On comparing the graphs for the males in the several series—
(see chart 2) it appears that the males reared by King grew best

—while in the graphs for the females (chart 3) the record by

Ferry shows the poorest growth for the females. It appears

therefore that laboratory conditions including diet (assumed in

each case to be wholesome) may modify the growth and that

the two sexes are not necessarily affected to a like degree.
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4. Modifications of growth in total body weight. No change
occurs in the growth of castrated males, Stotsenbnrg ('09).

A slight increase in growth was observed by Hatai ('03 a,

p. 61) after lecithin feeding.

Increased growth occurs in spayed females, Stotsenburg ('13)..

This increase is in part due to the accumulation of fat and in

part to general enlargement.

ttttGrowth in body weight Albino Rat
'

1

'

' " ' ! ^-^

Chart 4 Growth in body weight on age for 485 days. Males and females. Observations

by King (MS., '15). Data from two series combined. See table 67.

Bearing young also causes an increase in body weight in the

females, J. B. Watson ('05).

A decrease follows all forms of underfeeding (Hatai, '04 a,

'07 a, '08; Donaldson, '11a) including feeding with certain vege-
table proteins. See many references to Osborne and Mendel in

chapter 4, Physiology: Nutrition, p. 61.

Decrease also follows an excessive meat diet when begun with

young animals (Mus norvegicus) (C. Watson, '06, '06 a, '06 b).
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TABLE 48

Giving in grams the values obtained by dividing the body weight by body length in

millimeters . Based on data in Table 68

BODY



WEIGHT LENGTH RATIOS It

TABLE 48—Concluded

BODY
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termined whether a given rat is emaciated or fat. The values

for the weights and lengths as given in table 68 have been used

for obtaining these ratios.

GROWTH IN TOTAL WEIGHT! REFERENCES

2. Growth before birth. Huber, '15 a. 3. Growth after birth. Chisolm, '11.

Donaldson, '06, '12 c. Dunn, '08. Ferry, '13. Jackson, '13. King, '15. King
and Stotsenburg, '15. Robertson, '08. 4. Modifications of growth. Donaldson,
11a. Hatai, '03 a. '04 a, '07 a, '08, '13 a, '15. Jackson, '15, '15 a, '15 b. Os-

borne and Mendel (See Physiology: Nutrition). Schafer, '12. Stotsenburg,

'09, '13. Watson, C, '06, '06 a, '06 b. Watson, J. B., '05.



CHAPTER 6

GROWTH OF PARTS AND SYSTEMS OF THE BODY IN
WEIGHT

1. Larger divisions. 2. Systems. 3. Teeth. 4. Blood. 5. Fat.

1. Larger divisions. The relative growth of the component

parts (head, trunk and limbs) and of the systems (integument

ligamentous skeleton, musculature and viscera) has been studied

by Jackson and Lowrey ('12).

The rats were reared at the University of Missouri and fed

daily with wheat bread soaked in whole milk—a supply of

chopped corn being kept constantly in the cages. In addition

fresh beef was given once a week. The rats were well grown
except at five months and one year, when both sexes were some-

what low in body weight
—the deficiency being most marked in

the females.

The report of the work by Jackson and Lowrey ('12) is given

largely in their own words.

The method of dissection was as follows. The animal was taken
in the morning before feeding and killed by chloroform. The gross
body weight, and the lengths of body and tail were recorded. The
head (with skin) was then removed (just posterior to the foramen mag-
num and anterior to the larynx) and weighed. In the meantime, the
trunk was suspended and the blood (unmeasured) was allowed to es-

cape. Then the viscera were carefully removed and weighed indi-

vidually (including brain, spinal cord, eyeballs, thyroid, thymus, heart,

lungs, liver, spleen, stomach and intestines, both with contents and
empty, suprarenals, kidneys and gonads). Urine was estimated if

present. The extremities were separated at the shoulder and hip joints
and weighed with skin. The skin (including ears, claws and adherent
subcutaneous tissue) was next removed and weighed. The trunk

weight was estimated by subtracting the weight of the head and ex-
tremities from the net body weight.
Then the musculature with skeleton was weighed, the few remaining

additional structures( genitalia, large vessels, pharynx and oesophagus,
larynx and trachea, and masses of fat connected with the musculature)
having been carefully removed. Finally the musculature was care-

73
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fully dissected off and the skeleton, including bones, cartilages and liga-

ments, was weighed. This weight, subtracted from that of the skele-

ton and musculature together, gives the weight of the musculature, in-

cluding the tendons. Evaporation was reduced to a minimum by
keeping the various structures in a closed moist container, so far as

possible. The net body weight, which is the gross body weight minus con-

tents of stomach, intestines and urinary bladder, was used as the basis in

calculating the percentage weights. The percentages therefore differ

slightly from those calculated upon the gross body weight. The dif-

ference is not of material importance in the case of the albino rat,

however, as the intestinal and other contents do not average more than 5

per cent of the body at the ages observed (excepting at 6 weeks, where
the average was about 8 per cent.) The observations were grouped at

seven ages, chosen for the following reasons. At one week the weight
at birth has about doubled. At three weeks it has about doubled

again, and this moreover is the age at which the animal is usually
weaned. At six weeks the body weight has again about doubled, and
the animal is well established upon its permanent diet. Ten weeks

represents the age of puberty, and the body weight of six weeks has

again about doubled. At one year the body weight has again nearly

doubled, and this represents nearly the adult weight. Five months
was arbitrarily selected as the time when the body weight is approxi-

mately half way between those of ten weeks and one year. While
therefore observations are not available for the various intermediate

age periods, these are sufficiently close together so that no important
change in the relative weights of the constituent parts is likely to be
overlooked. Moreover, on account of the variations at the different

ages in the body weights, these form a fairly continuous series
;
and the

relative weights of the various constituent parts are apparently more

closely correlated with the body weight than with the age.

The relative weights of the component parts examined are

given in table 49 (modified from table 2, p. 455, loc. cit.).

TABLE 49

Albino rat—Average percentage weight of head, trunk and extremities at various

ages
—sexes combined (Jackson and Lowrey, '12)

AGE, DAYS
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The authors call attention to the relative increase in the weight
of the head during the first week—as peculiar in the rat—and
also point out that the maximum relative weight is shown by the

head at one week—by the forelimbs at three weeks, by the hind

limbs at five months and by the trunk at a year—the wave of

most active growth thus passing from the head caudad with ad-

vancing age.

2. Systerns. The relative growth of the various systems is

also given for the integument, ligamentous skeleton, musculature

and viscera. The method of preparing each system has been

previously noted. The following table is based on table 4 (loc.

cit., p. 460) to which has been added the average values of the

net body weights.

It is to be noted that the percentages in tables 49 and 50 are

based on the 'net body weight' of the rats. According to Jack-

son and Lowrey this is about 95 per cent of the gross weight,
and this factor can be used therefore to transform net into gross

weight.
TABLE 50

Average percentage weights of integument, ligamentous skeleton, musculature,
viscera and remainder. Based on Jackson and Lowrey ('12), table 4. For the

corresponding absolute weights see table 51
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TABLE 51.

Shows for the series of body weights of the albino rat by Jackson and Lowrey

('12) the absolute weights of integument, ligamentous skeleton, musculature,

viscera and remainder determined by the use of the percentage values given in

the preceding table 50

AGE
IN

DAYS
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obtained. The differences between the values for the moist

skeleton after maceration and those obtained after gross dissec-

tion may be designated as values for the 'periosteum, ligaments,

etc.' and are so entered in table 52.

It is thus possible from these two tables to compare subse-

quent determinations of the skeleton after either dissection or

maceration.

If rats normal in body weight for their age are compared, we
find that the cartilaginous skeleton at birth represents 52.5 per

J^W'^W 1 ' 1 *

Chart 5 Giving for the sexes combined the percentage of the entire body-

weight represented by each of the several systems. Plotted on age in days.
Table 50, Jackson and Lowrey ('12).

cent of the weight of the ligamentous skeleton, while at one year
it represents 64.5 per cent. The ratio for the weight of the bony
skeleton rises therefore one point for each 23 grams increase in

body weight, or for each gram of increase in body weight the ratio

rises about 0.044 of a point. Within the age limits here given,
these factors may be used for transforming one set of values into

the other.
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Jackson and Lowrey conclude (p. 472) that the data indicate

no noteworthy differences between the sexes in the relative weights
of the various parts and systems, and that the body of the al-

bino rat has practically reached the adult proportions in its com-

ponent parts and systems at the age of ten weeks.

Corresponding observations, though less extensive, made on

the Norway rat are given in chapter 12.

TABLE 52

Giving the percentage values for the cartilaginous skeleton when this has been pre-

pared by maceration (Conrow, MS. '15), also giving
—

by difference between these

values and those in table 50—the percentage values for the "periosteum, ligaments,
etc."
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those for the stock, when both age and body weight are taken into

consideration. The weight of the skeleton is given in relation to

the body weight. The value for the body used here is that-

normal to the body length (see table 68) when the observed

body weight is less than that to be expected
—but the observed

body weight is used when that is above the normal for the body

length. In the case of old rats undergoing senile loss of body

weight the maximum body weight is the one used.

The weight of the teeth is included with that of the skeleton
—but the weight of the nails is excluded. Under these condi-

tions the following table gives the weight of the moist carti-

laginous skeleton—immediately after complete cleaning, and also

TABLE 53

Giving data on the cartilaginous skeleton of the (inbred) Albino (Conrow MS '15).

The weights for the moist skeleton are given
—but not for the room dried skeleton.

The percentage values for both on the body weight have been computed.
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TABLE 53—Concluded
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the weight of the dry skeleton after drying in open, but dust

free vessels, for thirty days or more at room temperature (17°-

23°C).
In table 54 the same material has been used to show the lengths

of the femur and tibia and the humerus and ulna together with

some simple relations. In the case of the Albinos less than 30

days of age, drying in the air may cause so considerable a reduc-

tion in the lengths of these bones that no measurements are

given in table 54 for dried long bones younger than 30 days—
at which time the skeleton is fairly well calcified.

TABLE 54

From some of the same {inbred) Albinos as were used for table SS the lengths of the

femur, tibia, humerus and ulna have been determined and also the percentage

lengths of the humerus and ulna on the femur and tibia, as well as the relation of
both of these pairs to the body length (Conrow, MS '15)
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TABLE 54—Concluded
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teeth, minus the mandible with lower teeth and minus the ear

bones. The mean weights are given in table 55.

TABLE 55

The mean weight in grams of the crania in each body weight group of the four series

of albino rats from Paris, London, Philadelphia, Vienna (based on table 4)Donald-

son ('IB a). Each weight group is based on six cases, three males and three females

BODT WEIGHT GROUP
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TABLE 56

Showing growth changes in the blood in rats of increasing age (body weight) .

combined—based on tables I and II, Chisolm ('11)

Sexes

2
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TABLE 57

Giving the proportion of fat (fatty acids) with increasing age (body weight.) Based

on table A, Boycott and Damant ('08 a)

NUMBER AND SEX



CHAPTER 7

GROWTH OF PARTS AND ORGANS IN RELATION
TO BODY LENGTH AND IN RELATION TO AGE

1. Introduction. 2. Methods of examination and graphs. 3. Body length
on body weight. Body weight on body length. Tail length on body length.

4. Organs with an early rapid growth: Brain, spinal cord, eyeballs. 5. Organs
with a nearly uniform growth: Heart, kidneys, liver, spleen, lungs, blood, ali-

mentary tract, thyroid, hypophysis and suprarenals. 6. Organs with a rapid

growth just preceding puberty. Ovaries, testes, thymus (on age). 7. Determi-

nations of variation. 8. General tables, a) Tables, weight of entire body on

age. Before birth; from birth on. b) Tables, increase in the length and weight
of parts and organs on body length. 9. Table, weight of thymus on age. 10.

Table, weight of all viscera combined. 11. Tables, values for characters linked

with age. 12. Formulas.

1. Introduction. The organs, the growth of which has been

followed are tail (length), brain, spinal cord, eyeballs, heart,

kidneys, liver, spleen, lungs (blood), alimentary tract, testes,

ovaries, hypophysis, suprarenals, thyroid and thymus.
All the observations were made on stock Albinos from the colony

at The Wistar Institute, except those for the total bloodwhich are

based on the records of Chisolm, '11.

The mean values for the several organs were in each instance

charted and with these as a guide a theoretical graph was found

which could be expressed by a formula or a series of formulas.

All the formulas were devised by Hatai.

To present the results in a convenient form the organs are

grouped in the text according to the manner of their growth,
each organ is accompanied by a chart showing the original data

and the graph based on these data.

In each case reference is made to the formula or formulas on

which the graph is based, but as a matter of convenience, the

formulas utilized here for the graphs are grouped in the section

entitled "Formulas" pp. 158-175.

86
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The charts serve to show the form of the graph of growth in

each instance, but the precise weight values of the organs are to

be read from the tables. For those who desire to find the weight
of an organ in a rat of any body length or body weight a series of

values—computed by the aid of the appropriate formulas—are

given in tables 68-71 inclusive.

In making these tables the determinations for the correspond-

ing body weights for each millimeter of length in each sex were

first made by formulas (2 a) and (2 b) and the body weights so ob-

tained were then used in computing the weights of the several

organs.

In table 72 for the thymus however, it was found necessary to

enter the weight values of the organ according to the age of the

rat.

In table 73 the computed weight of the thymus on body weight
is given on the assumption that the body weights are normal to

age in conformity with the data in table 62.

2. Methods of examination and graphs. Unless otherwise

stated the following determinations were made on stock Albinos

taken from the colony at The Wistar Institute. The animals

were killed with chloroform twenty hours after the last feeding
and were dissected according to a fixed procedure.

3. Body length on body weight. Technic: Immediately after

killing the rat was laid on its back and gently extended—the

tail being drawn out straight. With jointed calipers the dis-

tance from the tip of the nose to the tip of the tail was taken
and its values in millimeters found by applying the points to a

scale. Next the distance from the tip of the nose to the center

of the anus was found and its value in millimeters determined
in the same way. These measurements give first the total

length, second, the body length and by the difference, the tail

length.

Chart 6 gives the body length on the body weight. The data
used are given in table 68. The values were computed by for-

mula (1). The graphs show that for a given body weight the

male has the greater body length. Donaldson '09; Donaldson
and Hatai '11.
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Body weight on body length. The entire rat was next weighed
to one-tenth of a gram. The weight thus obtained was not cor-

rected for the contents of the alimentary canal—which accord-

ing to Jackson and Lowrey ('12) amounts to about 5 per cent

of the gross body weight. In gravid females a correction was
made however by subtracting the weight of the uterus and fetuses

from the observed value. The weight of the body on the body

Chart 6 Giving for the males and females respectively the body length on

the body weight. Formula (1), table 68.

length is given in chart 7. The values for each millimeter of

body length in each sex are given in table 68. The graphs were

computed by formulas (2a) and (2b), and show that for a given

body length the female has a greater body weight. Donaldson

'09, Donaldson and Hatai, '11.

Tail length on body length. The method of obtaining the

tail length has been given under body length. The values for



TAIL LENGTH ON BODY LENGTH S9
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the graphs in chart 8 and for the table 68 were determined by
formulas 4 and 5. The tail in the female is relatively longer
than in the male. Hatai (MS 14).

4. Following the plan of grouping the organs according to the

manner of their growth we shall first consider the weights of the

brain, the spinal cord and both eyeballs. All of these organs have

an early rapid growth.

Brain weight on body weight. Technic: The rat was first

eviscerated—this leaves in the brain a minimal amount of blood.

The bones of the skull were removed from above—the meninges

being left intact. Care was taken to preserve the flocculi which

lie in bony pockets. The brain was severed from the cord by a

section at the level of the first cervical nerve—coinciding as a

rule with the tip of the calamus as seen from the dorsal aspect.

The brain was then raised from the floor of the cranium—the

nerves being clipped close to the base. The hypophysis was not

included. Care was taken to obtain the olfactory bulbs entire.

Thus prepared the brain was dropped into a small glass stoppered

weighing bottle in which it was weighed to the tenth of a milli-

gram. In this instance, as in the case of all of the other organs,

the dissection was made under a glass hood to protect the oper-

ator from all drafts which might dry the organ during its prepa-
ration. The values for the graph, males only, chart 9 and for

table 68 were computed by formulas (6) and (7).

The graph for the male alone is given. As will be seen from

table 68, for the same body length the female has a slightly

lighter brain and this difference increases to about 1.5 per cent

when the female is of the same body weight.

Spinal cord weight on body weight. Spinal cord—Technic:

Following the removal of the brain (vide ante) the spinal cord

was exposed by removing the arches of the vertebrae from neck

to sacrum. The filum terminale was found and the cord raised—
so that the roots of the spinal nerves could be clipped close to

the cord. The mass thus removed with meninges
—was placed

in a glass stoppered weighing bottle and weighed to the tenth of

a milligram. The values for the graph, males only, in chart 9

and for table 68 were computed by formula (11). Donaldson

('08), ('09); Hatai, ('09a).
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For convenience the graph for the spinal cord is given on the

same chart as that for the brain. The graph for the male only

is entered. For the same body length as the male the spinal

cord in the female is about 5 per cent heavier, and for the same

body weight, about 2 per cent heavier. Donaldson ('08, '09) :

Hatai ('09a).

to
-*—

loo HZ
—
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Chart 9 Giving the brain weight on the body weight. Males only. Formu-
las (6) and (7), table 68. Also spinal cord weight on the body weight. Males

only. Formula (11), table 68.

Weight of both eyeballs on body weight. Technic: Care being
taken to remove the muscle attachments, both eyes were

weighed in a closed weighing bottle. There is usually a close

similarity in the weight of the right and left eyeballs. The

graph is based on rats studied by Jackson ('13). His results

have been corroborated by studies on the stock Albinos from the

colony of the Wistar Institute, Hatai ('13). The values for the

graph in chart 10 and those given in table 68 are based on

formula (13). The graph for the male onTy is entered, but the

values for the female are like those for the male of the same body
weight. Under unfavorable nutritional conditions the weight of

the eyeballs follows the age rather than the body weight. Hatai

(MS '14).
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No sex difference was observed but the graph represents the

determinations for the male only. Hatai ('13); Jackson ('13).

Weight of the liver on the body weight. Technic: The vessels

were cut close to their entrance into the liver and the blood

in the larger vessels gently pressed out. The graph given in

chart 13 and the values in table 69 were determined by
formula (16).

20

19.

18.

17.

16.

15.

14.

13.

12.

It.

10-

9.

8.

7.
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The weight of the spleen on the body weight. Technic: The

vessels were cut close to the hilum. The determination of the

weight of the spleen is complicated by the occurrence of "en-

larged spleens"
—so called. These differ from the normal by

being often several times the normal weight, darker in color, soft

to the touch and showing on the surface dark or grayish patches.

Spleens with these characters plainly marked were not used.

The graph in chart 14 and the values in table 69 were determined

L SPLEEN
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been determined by formulas (20), (20 a), and (20 b). The data

are for both sexes combined. Chisolm ('13) ; Jolly and Stini ('05).

The weight of the alimentary tract on body weight. Technic:

The digestive tube from the level of the diaphragm to the anus,

was removed in its entirety
—the pancreas, mesentery and small

masses of fat being left adherent. The stomach and the large

intestine were cut open and the contents removed while gentle

18.
ALIMENTARY TRA^"*"
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moved before weighing. The data are from observations by-

Jackson ('13), as well as from those made at The Wistar Institute.

A study of the data has not revealed any difference according to

sex and the graph therefore is for both sexes combined. The
graph in chart 18 and the values in table 71 have been determined

by formula (32). Hatai ('13); Jackson ('13).
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The graph for the female and the corresponding tabular values

by^formulas (28) and (29) . Hatai (' 13) .

The weight of the suprarenals on body weight. Technic: The

suprarenals are usually imbedded within some fat tissue—but

with a little practice they may be dissected out cleanly. At
about 40-50 days of age there appears a difference in the weight

022 HYPOPHYSIS \-
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6. The third group of the organs here considered is formed by

those the growth of which is represented by a sinuous graph in

which the most marked rise appears shortly before puberty. These

organs, so far as examined, are the ovaries, the testes and the thymus.

JOB
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Chart 21 Showing the weight of ovaries of the female albino rat according to

body weight. The observed weights are represented by 136 (Jackson) rats.

Table 70, formulas (25) , (26) and (27) .

O Observed weight. Calculated weight.

50 100 150 200 250 300 350 400 450

Chart 22 Showing the weight of testes of the male albino rat according to

body weight. The observed weights are represented by 121 male rats. Table

70, formulas (22), (23) and (24).

• Observed weight. Calculated weight.
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The weight of both testes on body weight. Technic: The epi-

didymis was removed before the testes were weighed. The

graph in chart 22 and the values in table 70 were determined by
formulas (22), (23) and (24). Hatai ('13); Jackson ('13).

'

THYMUS GLAND
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7. Determinations of variation. Variation in body weight and

organ weight. In table 58 Jackson ('13) gives a series of determi-

nations of the coefficient of variation for body weight on a litter

basis and in age groups. The animals were selected by the

method of 'random sampling.' These values are to be compared
with those determined by King (MS '15). In King's series the

same groups of rats were examined at different ages (table 67).

For the same animals as were used in table 58 Jackson ('13)

also gives for the several organs the coefficient of variation

(table 59) and the coefficients of correlation with the body weight

(table 60). The coefficients of variation for body weight on age
are given by King (MS '15) in her growth series (table 67).

TABLE 58.

Coefficient of variation in body weight for total population by ordinary method, and
on litter basis (fraternal variation) estimated by various methods (Jackson, 'IS).

X
i
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TABLE 59

Coefficients of variation in organ weights, albino rat at different ages. Arranged
according to mean values in the last column (Jackson, '12).

Brain

Eyeballs
Head
Total body
Lungs
Kidneys
Heart

Liver

Suprarenals
Testes

Thymus
Spleen
Intestinal canal

(plus contents)

Ovaries

Average of viscera

DATS 7 DAYS 21 DAYS 42 DAYS 70 DAYS 150 DAYS AVERAGE

12

16

10

12

23

24

18

22

24

25

31

39

38

23

15

11

16

17

22

20

19

20

18

32

34

29

22

7

13

15

28

24

34

34

41

33

30

43

51

42

42

31

12

8

10

21

19

15

30

19

22

27

50

26

30

47

24

11

14

20

21

17

18

33

21

35

25

38

51

26

9

13

19

19

21

25

39

41

22

19

33

24

10

12

12

19

21

22

24

26

26

29

34

34

35

43

25

TABLE 60

Coefficients of correlation of organ weights with the body weight: albino rat at different

Arranged according to mean values in the last column (Jackson, 'IS) .
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8. General Tables. The tables which are not represented by
charts in the text are usually short and have been introduced

where they are mentioned, but as a matter of convenience all of

those which are so represented are here grouped together as

general tables under the following heads:

a). Tables for the increase in the weight of the entire body on

age. Tables 61-67.

b). Tables for the increase in the length of the tail, in the weight
of the entire body, and in the weight of several of the viscera

according to body length. Tables 68-71 (72).

9. Table 72 for the weight of the thymus—based not on body

length but on age.

10. Weight of all the viscera combined. Table 73.

11. Tables giving the values for characters other than body weight,

linked with age. Table 74.

For the most part the tables are preceded by a slight descrip-

tive heading only. Reference is made to the corresponding
charts in connection with which ail the details concerning them
have been noted.

Tables showing the increase in the weight of the entire body with

age.

Growth before birth, Stotsenburg (MS '15) (p. 64), table 61.

This table duplicates table 46, but gives one additional entry.

TABLE 61

Showing the mean weights of the fetuses at ten ages during gestation and at birth.

Stotsenburg (MS '15). Chart 1

AGE EH DAYS
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Growth after birth, tables 62-67.

TABLE 62

Body weight on age—both sexes. Based on records by Donaldson, Dunn and

Watson ('06) and computed from 10-365 days, by formulas (84), (85) males; (36),

(87) females. The values for the first ten days are from direct observation,

Donaldson (MS '15). Not charted
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TABLE 62—Concluded
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TABLE 63

Body weight on age. Male Albinos unmated. Chicago colony. Donaldson, Dunn
and Watson, ('06) . The records for the first ten days as given in the original table

are here omitted. Those values may be obtained from table 62. In addition to

the average values the highest and lowest are also given. See graph A in chart 2
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TABLE 63—Concluded
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TABLE 64

Body weight on age. Female albinos unmated. Values for 'mated' computed (Watson

'05) Chicago colony. Donaldson, Dunn and Watson, ('06). The records for
the first ten days as given in the original table are here omitted. Those values

may be obtainedfrom table 62. In addition to the average values the highest and
lowest are also given. See graph A, in chart S.

AGE IN DATS
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TABLE 04—Concluded

111

AGE IK DATS
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TABLE 65

Increase in the body weight of the albino rat with age, based on a personal communi-

cation, Ferry ('13). New Haven Colony. See graphs B and B 1 Chart 2, and

B', Chart 8
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TABLE 66

Giving the number of animals used by Ferry, ('IS) in computing her growth table 65,

for the rats at the Connecticut Agricultural Experiment Station in New Haven.

(Personal Communication).
In both groups the maximum number of observations was made at SO days of age

MALES
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The four tables 68, 69, 70 and 71 which follow have been worked
out on the basis of body length by the use of the appropriate
formulas. The details touching the organs represented, as well

as the corresponding graphs, are to be found in the earlier para-

graphs of this chapter. The values for the body weights are

repeated in each table.

Weights of viscera combined. Using the data in tables 68-

71 (72) the total weight of the viscera—brain, spinal cord, both

eyeballs, heart, both kidneys, liver, spleen, both lungs, alimen-

tary tract, both testes, both ovaries, hypophysis, both supra-

renals, thyroid and thymus (given separately)
—has been entered

after the total body weight at each millimeter of body length
and for each sex. For obvious reasons the weight of the total

blood (see table 70) has not been included.

For the thymus, the weight of which is most closely correlated

with age, the following procedure has been employed. Using
table 62 for the values for the body weights at given ages, the

relation between age, body weight and thymus weight has been

directly tabulated, and using these data as a basis, the values

of the thymus for the body weight
—which is assumed to be nor-

mal to the age
—have been determined as given in table 73.

Owing to the manner in which they have been obtained, it has

seemed best to give the thymus values in a separate column.

The entries for the thymus cease after a body length of 221 mm.
for males and 198 mm. for females, as these mark the limit of the

data in table 62. But in animals of this size or larger, the value

for the thymus has become very small both absolutely and

relatively.

Tables giving characters which depend primarily on age.

Table 74 gives the percentage of water in the brain and in the

spinal cord for each sex from birth to 365 days. These values

have been computed by formulas (40) , (41) and (42) . The graphs

corresponding to these data for the males are given in chart 26.
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TABLE 68

Giving for each sex the tail length and the weights of the brain, spinal cord and both

eyeballs for each millimeter of body length. See Charts 6, 7, 8, 9, 10

MALES
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TABLE 68—Continued

MALES
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TABLE 68—Continued

MALES



118 GROWTH OF PARTS AND ORGANS

TABLE 68—Continued

MALES



WEIGHTS OF ORGANS ON BODY LENGTH 119

TABLE 68—Continued

MAXES
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TABLE -Concluded

HALES
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TABLE

Giving for each sex the weights of body, heart, both kidneys, liver and spleen
—
for

each millimeter of body length. See Charts 11, 12, IS and 14

MALES
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TABLE 69—Continued

MALES
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TABLE 69—Continued

123

MALES
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TABLE 69—Continued

MALES
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TABLE 69—Continued

125

MALES
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TABLE 69—Concluded

MALES
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TABLE 70

Giving for each sex the weights of body, lungs, blood, alimentary tract and gonads

(testes and ovaries) for each millimeter of body length. See Charts 15, 16, 17,

tl and 22.

HALES
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TABLE 70—Continued

MALES
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TABLE 70—Continued
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TABLE 70—Continued

MALES
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TABLE 70—Continued

131

MALES



132 GROWTH OF PARTS AND ORGANS

TABLE 70—Concluded

MALES
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TABLE 71

Giving for each sex the weights of body, hypophysis, suprarenals and thyroid Jor
each millimeter of body length. See charts 18, 19, and 20.

MALES
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TABLE 71—Continued

MALES
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TABLE 71—Continued

135

MALES
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TABLE 71—Continued

MALES



WEIGHTS OF ORGANS ON BODY LENGTH

TABLE 71—Continued

137

MALES
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TABLE 71—Concluded

HALES
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TABLE 72

Giving the weight of the thymus in grams —sexes combined—for the first 400 days

of life. See Chart 23

AGE IK
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TABLE 72—Continued

AGE IN
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TABLE 72—Concluded

141

AGE IN
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TABLE 73

Weights of viscera combined plus that of thymus for each sex and at each millimeter

of body length. Not charted. The percentage of the body weight represented by
the weight of the viscera is however given under 'viscera' in table 50, and chart 5.

MALES
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TABLE 73—Continued

143

HALES
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TABLE 73—Continued

MALES
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TABLE 73—Continued

145

MALES
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TABLE 73—Continued

MALES



WEIGHT OF VISCERA

TABLE 73—Concluded

147

MALES
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TABLE 74—Continued

Body
weight
gms.

Brain
weight
gms.

Per cent
of water
brain

Cord
weight
gm».

Per cent
of water
cord

Body
weight
gms.

Brain
weight
gms.

Per cent
of water
Brain

Cord
weignt
gms.

Per
cent of
water
cord

37 38.1 1.399 79.52 0.239 74.68 39.6 1.391 79.55 0.250 74.47

38 39.6. 1.411 79.46 0.245 74.46 40.9 1.400 79.49 0.255 74.26

39 41.0 1.423 79.42 0.251 74.25 42.3 1.411 79.45 0.261 74.06

40 42.5 1.434 79.39 0.257 74.04 43.7 1.422 79.42 0.267 73.86

41

42

43

44

45

46

47

48

49

50

44.1

45.7

47.3

48.9

50.6

52.3

54.1

55.9

57.7

59.6

1.446

1.457

1.468

1.478

1.488

1.498

1.507

1.518

1.527

1.537

79.36

79.34

79.32

79.30

79.28

79.26

79.24

79.22

79.21

79.19

0.264

0.269

0.276

0.281

0.288

0.293

0.299

0.305

0.311

0.317

73.95

73.87

73.74

73.62

73.50

73.39

73.28

73.17

73.07

72.97

45.1

46.6

48.1

49.6

51.1

52.7

54.3

55.9

57.5

59.2

1.432

1.441

1.451

1.460

1.468

1.478

1.487

1.495

1.503

1.512

79.39

79.37

79.35

79.33

79.31

79.29

79.27

79.25

79.24

79.23

0.272

0.278

0.284

0.289

0.294

0.300

0.306

0.311

0.316

0.322

73.78

73.72

73.60

73.50

73.39

73.30

73.21

73.12

72.05

72.97

51

52

53

54

55

56

57

58

59

60

61.5

63.4

65.4

67.4

69.5

71.6

73.7

75.9

78.1

80.3

1.546

1 .555

1.563

1.572

1.581

1.589

1.597

1.606

1.614

1.622

79.17

79.15

79.14

79.12

79.10

79.08

79.07

79.05

79.04

79.02

0.323

0.329

0.334

0.340

0.346

0.352

0.358

0.363

0.369

0.375

72.88

72.79

72.69

72.60

72.51

72.43

72.35

72.27

72.19

72.11

60.9

62.6

64.3

66.1

67.9

69.7

71.6

73.4

75.3

77.3

1.520

1.528

1.535

1.543

1.551

1.558

1.565

1.573

1.580

1.587

79.21

79.19

79.18

79.16

79.14

79.12

79.11

79.09

79.08

79.06

0.327

0.332

0.338

0.343

0.348

0.353

0.359

0.364

0.370

0.375

72.88

72.79

72.69

72.60

72.51

72.43

72.35

72.27

72.19

72.11

61

62

63

64

63

66

67

68

69

70

82.5

84.9

87.2

89.6

92.0

94.5

97.0

99.5

102.1

104.7

1.629

1.637

1.644

1.652

1.659

1.666

1.673

1.681

1.688

1.695

79.00

78.99

78.97

78.96

78.94

78.93

78.92

78.90

78.89

78.88

0.380

0.386

0.391

0.397

0.402

0.407

0.413

0.418

0.424

0.429

72.04

71.97

71.91

71.84

71.77

71.71

71.65

71.60

71.54

71.48

79.2

81.2

83.2

85.2

87.3

89.4

91.5

93.6

95.8

98.0

1.594

1.601

1.607

1.614

1.621

1.627

1.633

1.639

1.645

1.651

79.04

79.02

79.01

78.99

78.98

78.97

78.96

78.94

78.93

78.92

0.380

0.385

0.389

0.394

0.399

0.404

0.409

0.414

0.419

0.424

72.04

71.97

71.91

71.84

71.77

71.72

71.66

71.61

71.54

71.50

71 107.3 1.702 78.87

72 110.0 1.709 78.85

73 112.7 1.715 78.84

74 115.5 1.722 78.82

0.434 71.43 100.2 1.657 78.91 0.429 71.45

0.439 71.38 102.4 1.663 78.89 0.433 71.41

0.445 71.32 104.7 1.669 78.88 0.438 71.36

0.450 71.27 107.0 1.675 78.86 0.442 71.32
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TABLE 74—Continued
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TABLE 74—Continued



152 GEOWTH OF PARTS AND ORGANS

TABLE 74—Continued



PERCENTAGE OF WATER IN BRAIN AND CORD 153

TABLE 74—Continued
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TABLE 74—Continued
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TABLE 74—Continued
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TABLE 74—Continued
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TABLE 74—Concluded

Body
weight

Brain
weight
gms.

Per cent
of water
brain

Cord
weight
gms.

Per cent
of water
cord

Body
weight
gms.

Brain
weight

Per cent
of water
brain

Cord
weight

Per
cent of

water
cord

341
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12. Formulas. Formulas for computing the length or weight
of the body and of its several parts, systems or organs, also for

expressing the values of other characters.

The formulas for the Albino—Group I— are given first, then

those for the Norway—Group II. In Group I there are two

divisions. The first division comprises the formulas based on

size (body length and body weight). The second division com-

prises the formulas based on age. These formulas have been

kept simple in order to facilitate their use. This condition has

made it sometimes necessary to have different formulas for the

different parts of the same series of data, but this was deemed
more desirable than a reduction in the number of the formulas

at the price of greater complexity.

After the formula there follows in parenthesis the number by
which it is designated in the text, and every formula, whether it

be general or subsidiary, is thus numbered, each subsidiary formula

carrying the number of the general formula to which it is related,

followed by a distinguishing letter. A catalog of the formulas,

given in detail later, is here presented.

CATALOG OF FORMULAS

GROUP I. ALBINOS

First division: Formulas based on size

Body length on body weight (J).

Body weight on body length (2), (2 a), (2 b).

Body weight on brain weight (3) .

Tail length on body length (4), (5).

Brain weight on body weight (6), (7).

Cranial capacity on body weight (8), (9), (10).

Spinal cord weight on body weight (11).

Diameters of ganglion cell and nucleus (12), (12 a).

Weight of both eyeballs on body weight (13).

Weight of heart on body weight (14) .

Weight of both kidneys on body weight (15).

Weight of liver on body weight (16).

Weight of spleen on body weight (17) .

Weight of both lungs on body weight (18) .

Volume of blood on body weight (19), (19 a), (19 b).

Weight of blood on body weight (20), (20 a), (20 b).

Weight of alimentary tract on body weight (21).
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Weight of both testes on body weight (22), (23), (24).

Weight of both ovaries on body weight (25), (26), (27).

Weight of hypophysis on body weight (28), (29).

Weight of both suprarenals on body weight (30), (31).

Weight of thyroid on body weight (32).

Weight of nitrogen on body weight (33).

Second division: Formulas based on age in days

Body weight on age (34), (35), (36), (37).

Weight of thymus on age (38), (39).

Percentage of water in brain—on age (40), (41), (42), (42 a).

Percentage of water in spinal cord—on age (43), (44), (45), (45 a), (45 b), (45 c),

(45 d).

GHOTJP II. NORWAYS

First division: Formulas based on size

Body length on body weight (46) .

Body weight on body length (47), (48).

Body weight Xorway on body weight Albino (49).

Tail length on body length (50), (51).

Brain weight on body weight (52).

Cranial capacity on body weight (53).

Spinal cord weight on body weight (54).

Spinal cord weight on brain weight (55) .

GROUP I. ALBINOS

first division: formulas based ox size

Body Lexgth ox Body Weight, (Doxaldsox, '09)

Body length (sexes combined) = 143 log (Bd.wt. + 15)
— 134 (1)

A study of tables 1 and 2 in the investigations by Donaldson
'09 shows that for a given body weight the body length of the male
is about 2.2 per cent greater than that of the female. If then the

value found by this formula for any body weight is increased by
1.1 per cent of itself the sum obtained represents the body length
for the male. If on the contrary, the value found is decreased

by 1.1 per cent of itself, the difference obtained represents the

body length for the corresponding female.
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Body Weight on Body Length (Donaldson, 'O'J)

By transposing formula (1) we obtain

Bd.l.+lU

Body weight (sexes combined) = 10 143 — 15 (2)

As the body length for a given body weight is for the male 1.1

per cent above the value in (2) and for the female 1.1 per cent

below the value in (2), two new formulas have been made for

the male and female respectively
—thus

(100 Bd. l.-l.l Bd M+13400

Body weight:—male = 10 14300 -15 (2a)

(100 Bd. I. +1.1 Bd. l)+13400

Body weight:—female = 10 1430° -15 (2b)

By use of formulas (2a) and (2b) the body weights corre-

sponding to body lengths from 50-250 mm have been computed
for each sex and the values obtained are those entered in the

accompanying tables.

To illustrate the procedure with a formula of this sort the

following example is given.

To compute the body weight for a body length of 150 mm.

(male) by the following formula (2a) .
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(100 Bd. 7.-1.1 Bd M+13400

Body weight {male) = 10 1430° - 15

Transpose 15 from right hand side to the left and take the

logarithm of both sides. We have

7 raj * L irn ; mv^00 x 150 - U X 15°) + 13400
log (Bd. wt. + 15) = log 10 X :

14300

1V 15000-^65 + 13400
IX = 1.9<4o

14300

Thus 1.9745 is equivalent to the logarithm of body weight

plus 15. Therefore body weight + 15 = 94.3 (anti-logarithm
of 1.9745). Finally, body weight - 94.3 - 15 = 79.3 grams.

The above procedure is that to be followed with other formulas

of the same type.

Body Weight on Brain Weight (Donaldson, '08)

Br. wt.—0.554

Body weight (sexes combined) =8.7+10 °^
(3)

Tail Length on Body Length. (Hatai, ms '14.)

Tail length : male = 0.852 Bd. 1. + 38.8 (log Bd. I.) -90.5 (4)

Tail length -.--female = 0.874 Bd. I. +43.2 (log Bd. I)
- 98.1 (5)

Formulas (4) and (5) were used for table 68.
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Brain Weight on Body Weight. (Hatai, '09, p. 172)

For the brain weight of sexes combined, the following for-

mulas have been obtained :
—

Brain weight (sexes combined) = 1.56 log (Bd. wt.) —0.87 (6)

[5 < Bd. wt. < 10 gms.]

Brain weight (sexes combined) =

0.569 log (Bd. wt. - 8.7) +.554 (7)

[Bd. wt. > 10 gms.]

For a given body weight the average brain weight in the male

was found to be 1.5 per cent more than in the female, hence the

determinations of brain weight on body weight by formulas (6)

and (7) give final values which must be increased by 0.75 per
cent to represent the male brain and decreased by 0.75 per cent to

represent the female brain weight. By using this procedure the

data on brain weight given in table 68 were obtained.

Cranial Capacity on Body Weight. (Hatai, '07 c)

Cranial capacity represented by the weight of the shot con-

tained is given by

Cranial capacity (shot wt.) = 0.0072 X (Bd. wt. male) + 9.349 (8)

To reduce the shot weight to brain weight in the male, the value

obtained is to be divided by 5.98.

The corresponding formula for the female is

Cranial capacity (shot wt.)
=

0.0251 X (Bd. wt. female) + 6.168 (9)

To reduce the shot weight to brain weight in the female, the

value obtained is to be divided by 6.009.
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For the cranial capacity expressed in cc. Donaldson ('12),

the formula for sexes combined is

Cranial capacity in cc. =

1.02 log Bd. wt. - 0.00027 Bd. wt. - 0.596 (10)

[80 < Bd. wt. < 300]

Spinal Cord Weight ok Body Weight (Donaldson, '09)

Spinal cord wt. (sexes combined) =

0.585 log (Bd. wt. +21) - 0.795 (11)

In the female the spinal cord is about 2 per cent heavier than

in the male, therefore when using formula (11) the values ob-

tained require to be increased by 1 per cent to represent the

weight of the spinal cord in the female and to be diminished by
1 per cent to represent its weight in the male. By using this

procedure, the data on the weights of the spinal cord in table 68

have been obtained.

Diameter of Second Cervical Spinal Ganglion Cell Nucleus on
Diameter op Cell Body (Hatai, '07b)

Correlation between diameter of cell body and diameter of

nucleus in n — in spinal ganglion cells of second cervical nerve.

Diameter of nucleus in n =

12.2939
[
1.0252 + 0.3564^

- 0.0758
(j\* j

(12)

where x is the diameter of the cell in n and 1 is a half range of the

variates.



164 GROWTH OF PARTS AND ORGANS

As the value of 1 is 10, the formula (12) may be transformed

by a series of steps here omitted, to read

20
>
- 0.9 4 > (12a)

J I 20 J

Where D n = Diameter of nucleus in p

and D c b = Diameter of cell body in p.

See table 31.

Weight op Both Eyeballs on Body Weight. (Hatai, '13, p. 112)

Weight of both eyeballs (sexes combined) =

0.000428 Bd. wt. +0.098 log Bd. wt. - 0.041 (13)

Formula (13) was used for table 68.

Weight of Heart on Body Weight (Hatai, '13)

Weight of heart (sexes combined) =

0.0026 (Bd. wt. + 14) + 0.249 log (Bd. wt. + 14)
- 0.336 (14)

Formula (14) was used for table 69.

Weight of Both Kidneys on Body Weight (Hatai, '13)

Weight of both kidneys (sexes combined) =

0.00718 (Bd. wt. - 3) + 0.132 log (Bd. wt. - 3) -0.009 (15)

Formula (15) was used for table 69.
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Weight op Liver on Body Weight (Hatai, '13)

Weight of liver (sexes combined) =

0.0303 (Bd. wt. + 5) + 3.340 log (Bd. wt. + 5)
- 3.896 (16)

[Bd. wt. > 10]

Formula (16) was used for obtaining the values given in table 69

for body weights of 10 grams or above. For body weights below

10 grams the weights have been determined by graphic inter-

polation
—

using the crude records as a basis.

Weight of Spleen on Body Weight (Hatai, '13)

Weight of spleen (sexes combined) =

. 00245 Bd. wt. + 0. 0301 log (Bd. wt.)
- 0.025 (17)

Formula (17) was used for table 69.

Weight of Both Lungs on Body Weight (Hatai, '13)

Weight of both lungs (sexes combined) =

0.00471 (Bd. wt. + 2) + . 122 log (Bd. wt. + 2)
-

. 056 (18)

Formula (18) was used for table 70.

Volume of the Blood on Body Weight (Chisolm, '11) and Hatai (ms '14)

Bd wt °- 9

Blood volume (sexes combined) = —'-—— = 0.099 Bd. wt. - 9
(19)

[5 < Bd. wt. < 150]

Blood volume (males) =

. 099 Bd. wt. - 9 - .03 ( . 099 Bd. wt.)
- 9

(19a)

= 0.09603 Bd. wt. - 9

[150 < Bd.wt. < 350]



166 GROWTH OF PARTS AND ORGANS

Blood volumes (females) =

0.099 Bd.wt. 09 +. 06 (.099 Bd. wt.)
- 9

(19b)

= 0.10494 Bd. wt. - 9

[150 < Bd. wt. < 350]

By using the factor 1.056 for the specific gravity of the blood

corresponding formulas for the blood weight on body weight have
been obtained as follows: Hatai (MS '14).

Blood weight (sexes combined)
—

0.099 Bd. wt. - 9 X 1.056 or = 0.1045 Bd. wt. - 9
(20)

[5 < Bd. wt. < 150]

Blood weight (males) =

0. 1045 Bd. wt. - 9 - .03 (0.1045 Bd. wt.)
- 9

(20a)

= 0.101365 Bd. wt. - 9

[150 < Bd. wt. < 350]

Blood weight (females) =

0. 1045 Bd.wt.°- 9 + 0.06 (0.1045 Bd. wt. - 9
) (20b)

= 0. 11077 Bd.wt. - 9

(150 < Bd. wt. < 350)

These formulas (20), (20 a) and (20 b) for blood weight have

been used for table 70.
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Weight of Alimentary Tract on Body Weight (Hatai, '13)

Weight of alimentary tract (sexes combined) =

. 0245 Bd. wt. + 4.720 log (Bd. wt. + 7)
- 5.753 (21)

Formula (21) was used for table 70.

Weight of Both Testes on Body Weight (Hatai, *13)

Wt.of testes = 0.022 -0.00992 Bd. wt. + 0.00127 Bd. wt.* (22)

[4 <Bd.wt.< 10]

= 0.043 - 0.000966 Bd. wt. + 0.000163 Bd. wt. 2
(23)

[10 <Bd.wt.< SO]

= 2.910 log Bd. wt. - 4.520 (24)

[Bd. wt. > 80]

For the weight of the testes for body weights of 4-10 grams,
the values were obtained by formula (22), while formulas (23)

and (24) were used for obtaining the values for body weights of

10 grams or over. Formulas (22) (23) and (24) were used for

table 70.

Weight of Both Ovaries on Body Weight (Hatai, '13)

Weight of both ovaries =

= 0.00781 log. Bd. wt. - 0.0047 (25)

(Phase 1) [Bd. wt. < 65]

= 0.0425 - . 00121 Bd. wt. + 0.0000108 Bd. wt. 2
(26)

(Phase 2) [65 < Bd. wt. < 1 10]

= 0.007 log. (Bd. wt. - 105) + 0.0352 (27)

(PhaseS) [Bd. wt. > 110]

Formulas (25) (26) (27) were used for table 70.
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Weight of Hypophysis on Body Weight (Hatai, '13)

In the case of the hypophysis a separate formula for each sex is

required.

Weight of hypophysis (male) =

. 0000257 (Bd. wt. + 3) + . 0014 log (Bd. wt. + 3)-0. 00097 (28)

Formula (28) is also used for the female up to 50 gms. in body
weight then

Weight of hypophysis (female) =

0,00205 + . 000081 Bd. wt. - 0.00196 log (Bd. wt.) (29)

\Bd.wt.> 50]

Formulas (28) and (29) were used for table 71 in accordance

with the restrictions indicated.

Weight of Both Supearenals on Body Weight (Hatai, '13)

In the case of the suprarenals a separate formula for each sex

is required.

Weight of both suprarenals (male) =

0.0000855 (Bd.wt. + 3) +0.0113 log (Bd. wt.+ 3)
- 0.0093 (30)

Formula (30) is also used for the female up to 30 gms. in body

weight, then

Weight of both suprarenals (female) =

0.00023 Bd. wt. + 0.00388 log (Bd. wt.) - 0.002 (31)

\Bd. wt. > 30]
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Formulas (30) and (31) were used for table 71 in accordance

with the restrictions indicated.

Weight of Thyroid ox Body Weight (Hatai, '13)

Weight of thyroid (sexes combined) =

0.0000973 (Bd. wt. + 27) + 0.0139 log (Bd. wt. + 27)
- 0.0226 (32)

Formula (32) was used for table 71.

Weight of Nitrogen on Body Weight (Hatai, '05)

To determine the amount of nitrogen eliminated by the rat

during twenty-four hours at different body weights. Ration:

Uneeda biscuit and water only
—

Chicago colony.

233 + (3 X log Bd. irt.) OQQ _l_ /Q y- Inn Rd int \

Nss 10 1 orlogN =M + {6 X
^°

9 m ' wL)
(33)

where N = total nitrogen in milligrams and Bd. wt. = body

weight in grams.

Formula 33 is based on the data in table 42.

GROUP I. ALBINOS

second division: formulas based on age

Body Weight on Age from 10-365 Days, Hatai (ms '14)

The formulas (34) (35) (36) (37) apply only to the series of

data published by Donaldson, Dunn and Watson, ('06.)

Body weight on age in days
—males =

11.199+ 0.0475 Age+ 0.0184 Age 2
(34)

[10 < Age < 80]

= 448 log Age- 0.52 Age - 678.2 (35)

[80 < Age < 365]
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Body weight on age in days
—mated females =

8.071 + 0.367 age + 0.0131 Age* (36)

[10 < Age < SO]

= 343 log Age - 0.41 Age - 498.8 (37)

[80 < Age <3Q5]

Formulas (34) (35) (36) (37) were used for table 62.

Weight of Thymus on Age (Hatai, '14)

Weight of thymus
—sexes combined =

0.01 X xo
11

!
1188^05865^- 1)-05651^- 1

)
2

}
(38)

[Age < 95]

Weight of thymus =

0.3903 - 0.00139 (age) + 0.00000128 (agey (39)

[Age > 95]

Formulas (38) (39) were used for table 72.

Percentage of Water in Brain. Hatai (ms '14;

The formulas do not apply to rats under ten days of age.

Percentage of water in brain—(male) —

92.122-0.614 Age +0.00739 Age* (Phase 1) (40)

[10 <Age <40]

= 82.756-2.103 log Age (Phase 2) (41)

[40<^e<160]

= 77.671 +0.00537 Age -0.000016 Age* (Phase 3) (42)

[160<A^e<365]
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To transform any determination for the male into that for

the female, the value for the male at a given age (see formulas

(40) (41), (42) ) is modified by a plus correction (Hatai).

Correction (plus)
= 0.0555 log (age +3) -0.0606 (42a)

[10<^e<365]

The foregoing (40)-(42a) replace the formulas given in the

paper by Donaldson ('10).

Formulas (40) (41) (42) (42a) were used for table 74.

Percentage of Water in Spinal Cord—(Hatai MS '14)

The formulas do not apply under 10 days of age. The data

for the first ten days are from direct observations.

Percentage of water in spinal cord—male =

87.976-0.494 Age +0.00364 Age2
(Phase 1) (43)

[10<^e<40]

= 100.3 +0.0548 Age - 17.7 log Age (Phase 2) (44)

[40 < Age< 150]

- 62.186 -0.0121 Age +4.434 log Age (Phase 3) (45)

[150<A^e<365]

To obtain from the values for the male at different ages the

corresponding value for the female, several corrections are re-

quired and these differ according to age.

From ten to fifty days the following correction formula (45a) is

used:

Correction (minus) = 0.0006 Age2 - 0.036 Age +0.3 (45a)
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The values thus obtained are subtracted from the computed
values for the male at the corresponding ages.

From fifty to sixty-five days no correction is made.

From sixty-five days to one hundred and thirty-five days, cor-

rection is made according to the formula (45b)

Correction (plus) =0.823 log (Age + 1) -0.000542 (Age+1) -1.4616

(45b)

From one hundred and thirty-five to one hundred and sixty-

five days the correction is uniform thus :

Correction (plus) =0.22 (45c)

From one hundred and sixty-five to three hundred and sixty-

five days correction is made by the following formula :

Correction (plus) = 0.22 +0.0005 (Age - 165) (45d)

The foregoing (43)-(45d) replace the formulas given in the

paper by Donaldson, '10.

Formulas (43)-(45d) were used for table 74.

GROUP II. NORWAYS

first division: formulas based on size

Body Length on Body Weight—Norway (Donaldson and Hatai, '11)

Body length (sexes combined) = 159 log (Bd. wi. + 18)
— 165 (46)

The body length for the male is 0.4 per cent above the value

given by formula (46) and that for the female 0.4 per cent below.

Formula (46) with above corrections was used for graphs in

chart 28.
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Body Weight on Body Length (Donaldson and Hatai, (11)

By transforming formula (46) and introducing the correction

for sex we obtain

(1) For the male

Body weight= 1000000629 (B<*'xioo-[(Bi.z.xioa)xo.oo4]+i65oo, _jg uj\

_ i
qO.0000629

(Bd. I. X 99.6+16500) _io

(2) For the female

Body weight = 10°
0000629 {Bd - L x h»+u**- l x ioo)xo.oo4]+i65oo)_ jg /^g\

_
100.0000629

(Bd. l.X 100.4 + 16500) _1g

Formulas (47) (48) were used for table 85.

Body Weight of Norway on Body Weight op Albino (Males) (Donald-
son and Hatai, '11, p. 442)

Body weight (Norway) =

137.1 -0.636 Bd. wl. Albino +0.00643 Bd. wt. Albino2
(49)

[160 < Bd. wt. Albino < 300]

Tail Length on Body Length Norway (Hatai, ms '14)

(1) For the male

Tail length =0.824 Bd. I. +39.1 (log. Bd. I.) -92.6 (50)
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(2) For the female

Tail length = 0.824 Bd. I. +43.1 log (Bd. I.) -98.4 (51)

Formulas (50) (51) were used for table 85.

Brain Weight on Body Weight, Norway (Donaldson and Hatai, '11)

Brain weight (sexes combined) =0.825 log (Bd. wt. —4) +0.233 (52)

This formula applies only to rats 5 grams or more in body-

weight. To obtain the weights for the male the values given

by the formula are increased by 1 per cent, and to obtain the

weights for the female, they are decreased by 1 per cent.

Formula (52) with corrections mentioned above used for

table 85.

Cranial Capacity on Body Weight, Norway (Donaldson, '12)

Cranial capacity in cc. (sexes combined) =

0.00105 Bd. wt. +0.548 log Bd. wt. +0.476 (53)

[80 < Bd. wt. < 380]

Spinal Cord Weight on Body Weight, Norway (Donaldson and Hatai, '11)

Spinal cord weight (sexes combined) =

0.724 log (Bd. wt. +30) - 1.082 (54)

To obtain the weights for the male the values given by the

formula are increased by 0.15 per cent, and to obtain the weights
for the female they are decreased by 0.15 per cent.

Formula (54) with corrections mentioned above was used for

table 85.
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Spinal Coed Weight on Brain Weight (Sexes Combined) Norway (Don-
aldson and Hatai, '11)

Br. trf. - 0.233

Spinal cord wt. =0.724 log (10
—

<ns2i— + 34) -1.082 (55)

For the Norway we have no extensive data based on age
—

hence there are no formulas based on age.

GROWTH OF PARTS AND ORGANS: REFERENCES

Chisolm, '11. Donaldson, '06, '08, '09, '11, '11 c, '12. Donaldson and Hatai,
'11. Ferry, '13. Hatai, '03 a, '04 a, '07 a, '08, '13, '13 a, '14, '14 a. Jackson and

Lowrey, '12. Jackson, '13. Jolly and Stini, '05. Watson, '05.

12. Formulas. Chisolm, '11. Donaldson, '08, '09, '12. Donaldson and Hatai,
'11. Hatai, '05, '07 b, '07 c, '09 a, '10, '10 a, '11, '14.



CHAPTER 8

GROWTH IN TERMS OF WATER AND SOLIDS

1. In the body as a whole. 2. In the larger divisions of the body and the

organs. 3. In the brain and spinal cord.

Water and solids 1) in the body as a whole and 2) in the larger

divisions and the organs. Data on this head have been pub-
lished by Lowrey ('13) and are here presented.

With the exception of one of the old rats the animals used for

the following table 75 were reared at the University of Missouri.

They were fed on chopped corn with a daily ration of bread soaked

in whole milk and once a week a small quantity of fresh beef

was given them. All were sound except some of the older ani-

mals which suffered from infected lungs
—but not to such a de-

gree as to affect their general nutrition or vigor. Table 75 is

based on table 1, Lowrey ('13). The data for the two sexes are

combined. In the original the range of the observations is given
and also the number of animals used in each instance. In the

present table the ranges are omitted and the number of animals

is given for the body weight (net) only. The other determina-

tions for the systems and organs were based on about the same

number of animals as were used for the body weight, except in

the case of the testes where the numbers are about half as large.

The oldest animals were somewhat under one year of age.

3) Percentage of water in the brain and spinal cord. Using stock

rats from the colony at The Wistar Institute, the percentage of

water has been determined for the brain and spinal cord by Don-
aldson (MS '14). The values obtained by this study replace

those previously published. (Donaldson '10.) The methods of

removal are given on page 90. The rats were reared on a

scrap diet. The fresh brain or cord was weighed in a closed

bottle, then dried at 90°-95°C. until the dried weight was con-

stant—and the difference taken as the amount of water.

176
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TABLE 75

Percentages of dry substance in the entire body—in several of the systems and in

some organs. Observations at seven ages. See chart 24
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CHAPTER 9

GROWTH OF CHEMICAL CONSTITUENTS

1 . In the body as a whole. 2. In the nervous system.

1. In the body as a whole. For the body as a whole Hatai

(MS '15) has made a determination of its composition in terms

of proteins, fat, organic extract and salts, at eight ages. The
results are given in table 77.

TABLE 77.

Giving the chemical composition of albino rat. Hatai (MS '15)

Age, days

Body gms
Water, per cent. .

Solids, gms
Percentages of

Residue

Fat

Organic extr.

Soluble salts.

Fixed salts. . .

Birth
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Using a different plan of analysis McCollum ('09) has given data

on the composition of the rat. The results appear in table 78.

To obtain the skeleton he boiled the entire animal and then sepa-
rated the skeleton from the boiled tissues.

TABLE 78.

Giving the composition of rats used in experiments vrith various rations.

(McCollum '09)

RATION
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TABLE 81.

Absolute weights, in milligrams, of the constituents of a single brain of the albino

rat at different ages (prepared from Table 80)
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CHAPTER 10

PATHOLOGY
1. Tumors. 2. Parasites and infections (except leprosy and plague). 3.

Leprosy. 4. Plague. 5. Public hygiene. 6. Descriptive and experimental

pathology. 7. Economic relations.

In the various studies on the pathology of the rat there are, of

course, some data, which might be tabulated or charted. It

has been thought best however to adhere to our general plan of

treating in detail the data for the normal animal only and the

presentation in this chapter is limited therefore to a series of

references classified according to the subheads given above.

pathology: references

1. Tumors. Bashford and Murray, 1900. Bennett, '14. Bullock, W. E.,
'13. Cramer and Pringle, '10. Eiselsberg, 1890. Flexner and Jobling, '07.

Freund, '11. Gay, '09. Gaylord, '06. Jensen, '08. Joannovics, '12. Lambert,
'11. Levin, '08, '10, '10a, '11. Loeb, '01, '02, '02a, '03, '03a, '04, '07. McCoy,
'10 a. Moreschi, '09. Ordway and Morris, '13. Robertson and Burnett, '13.

Rous, '11, '14 Sweet, Corson-White and Saxon, '13. Taylor, '15. Uhlenhuth
and Weidanz, '09. Van Alstyne, '13. Weil, '13.

2. Parasites and infections (except plague and leprosy). Bacot, '14. Bahr,
'06. Bancroft, 1893-1894. Bayon, '12 a. Bullock and Rohdenburg, '13. Cam-
pana, '11. Chick and Martin, '11. Currie, '10. Dean, '03. Fantham, '06.

Giglio-Tos, 1900. Hurler, '12. Jungano, '09. Jurgens, '03. Laveran and Mes-

nil, 1900, 1900 a, 1900 b. Loghem, '08. Mallory and Ordway, '09. Mitchell,
'12. Morpurgo, '01, '02. Ori, '12. Poppe, '13. Pound, '05. Rabinowitsch and

Kempner, 1899. Robinson, '13. Rosenau, '01. Sabrazes and Muratet, '05.

Shipley, '08. Stiles and Crane, '10. Stiles and Hassall, '10. Terry, '05. Traut-

mann, A., '12. Trautmann, H., '12. Wasielewski and Senn, 1900. Webel,
'13-'14. Wiener, '02, '03.

3. Leprosy. Bayon, '11, '12, '12 b, '12 c, Chapin, '12. Dean, '05. Duval,
'10, '11. Duval and Gurd, '11, '11 a. Duval and Wellman, '12. Duval and

Harris, '13. Hollmann, '12. Jadassohn, '13. Leboeuf, '12. Marchoux, '10,

'11, '11-'12, '12. Marchoux and Sorel, '12, '12 a, '12 b, '12 c. McCoy, '08. Tids-
well and Cleland, '12. Wherry, '08. Wolbach and Honeij, '14. Zinsser and

Carey, '12.

4. Plague. Advisory Committee, '12 b. Bacot and Martin, '14. Banner-

man, '06. Blue, '08, '10. Brinckerhoff,'10. Chick and Martin,'ll. Edington/01.
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'01. Galli-Valerio, '02. Gauthier and Raybaud, '03. Herzog, '05. Hossack,
'07 a. India Plague Commission, '08. Liston, '05, '05 a. Loghem and Swellen-

grebel, '14. Martini, '01. McCoy, '10. Petrie, '10. Reports on Plague Inves-

tigations in India, '06. Thompson, '06. Tiraboschi, '02, '04, '04 a.

5. Public hygiene. Advisory Committee, '12 a. Bahr, '09, '09 a, '10. Berg-

mann, '08. Boelter, '09. Buchanan, '10. Calmette, '10, '11. Converse, '10.

Cook, 1885-1886. Creel, '10. DuPuy, and Brewster, '10. Foster, '09. Fox,
'12. Foy, '13. Grubbs and Holsendorf, '13. Heiser, '10, '13. Hobdy, '10.

Kerr, '10. Konstansoff, '10. Kunhardt and Taylor, '15. Lagarrique, '11.

Lantz, '07, '10a. Lavrinovich, '10. Mandoul, '08-09. Munson, '10. Neu-

mark, '13. Pottevin, '10. Ramachandrier, '08. Reaney and Malcolmson, '08.

Ringeling, '12. Rosenau, '10. Rucker, '10, '12, '13. Schern, '12. Simpson,
'13. Suffolk, '10. Symposium, '11. Tailby, '11. Zuschlag, '03.

6. Descriptive and experimental pathology. Ascher, '10. Aumann, '12. Au-

nett, '08. Bainbridge, '08-'09. Bircher, '11, '11 a. Boinet, 1897, 1897 a.

Bullock and Rohdenburg, '15. Cramer, '08. Czerny, 1890. Fibiger, '13, '13 a,

'13 b, '14. Flexner and Noguchi, '06. Graham and Hutchison, '14. Horton,
'05. Kolmer and Yui and Tyau, '13. Lewin, '12, '12 a. Loeb, '13. Mallory
and Ordway, '09. Martin, 1895. Mavrojannis, '03. Mereshkowsky and Sarin,

'09. Mereshkowsky, '12, '12 a. Metschnikoff and Roux, 1891. Murphy, '14.

Nerking, '09. Olds, '10. Ophuls, '11. Plimmer and Thomson, '08. Remlin-

ger, '04. Rowland, '11. Schern, '09. Schurmann, '08. Sittenfield, '12. Stef-

fenhagen, '10.

7. Economic relations. Bruneau, 1886. Galli-Valerio, '08. Klunzinger, '08.

Landois, 1886. Lantz, '10 b. Lersch, 1871. Loir, '03.
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CHAPTER 11

LIFE HISTORY AND DISTINGUISHING CHARACTERS
1. Introduction. 2. Life history, a. Span of life. b. Gestation period.

c. Number of litters, d. Number in litter, e. Proportion of sexes, f. Open-

ing of eyes. g. Age of sexual maturity. 3. Comparison of Norway with Albino.

4. Similarities of Norways and Albinos in western Europe to those of the United

States.

1. Introduction. To obtain more complete information con-

cerning the rat it is important to note differences which may ap-

pear between the domesticated Albino and the wild Norway.
Since the wild Norway represents the parent stock it might seem

proper to use that form as the standard and to record the devia-

tions of the Albino from it. As a matter of fact however our in-

formation with regard to the Albino is so much the more complete
that the best results will follow from using it as the standard,

despite the fact that zoologically it is but a variety of the Norway.
2. Life history of the Norway rat. As regards behavior, the

Norway rat is very responsive to sounds, gnaws its cage, bur-

rows when opportunity offers, is hard to handle and appears
fierce because usually in a state of terror, yet after some days in

a cage, it often becomes quite docile.

Mus norvegicus when mature weighs 300-500 grams. (550

grams = If pounds avd., has been reported but is very unusual).
We have recorded one male with a body weight of 523 gms. The
color above ranges from light gray or orange to brown and dark

gray, usually with more or less white or light gray on the ventral

surfaces. Melanic sports occasionally occur (see p. 14, note 5).

Mus norvegicus is distinguished from Mus rattus, the house rat,

by the following superficial characters: larger size; blunter head;
smaller ears which are thicker and more covered with hair; tail

shorter than body; claws usually relatively dull. Its movements
are less rapid. Commonly the female Norway has twelve, some-
times fourteen nipples, while the house rat has very constantly
ten.
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a.) Span of life. The span of life of the Norway rat is not

known. It seems probable that it is between three and four

years, though here and there individuals may live somewhat

longer.

b.) Period of gestation : 21 days Lantz ('09); 23.5-25.5 days
Miller ('11). The latter periods are possibly due to the effect

of nursing on gestation. See p. 22.

c.) Number of litters. Miller ('11) reports seven litters in

seven months from a single pair, and estimates that, in general,

five to six litters may be easily reared by a single pair in a year.

d.) Number of young in a litter. Climate and station appear
as general modifying influences. Larger litters are reported
from northern Europe than from India (Lantz, '09).

Crampe ('84) obtained an average of 10.4 in fourteen litters.

Zuschlag ('03) states that among the rats examined at Copen-

hagen in 1899, fetuses to the number of 14 were found four

times and he himself in 1902 examined one female bearing 16.

Donaldson (MS, '09) also noted in a rat taken in Paris, 16

fetuses.

The India Plague Commission reports ('08) that the average
number of fetuses found in females was 8.1 from a total of 12,000

Norway rats.

According to Lantz ('09) the maximum size of litters recorded

in England (Field) are 17, 19, 22 and 23; in India however 14.

The maximum numbers just given as recorded in England are

not trustworthy as they represent merely the number of young
found in a single nest. Since two different litters are sometimes

reared in the same nest the inference from the number in the nest

to the number in the litter is not convincing. Lantz ('09) as-

sumes the average litter (in north temperate latitude) to be about

10. This is what Miller ('11) (vide infra) and Crampe ('84)

(vide supra) found.

Miller ('11) observed in a group of eight litters 7-12 young in a

litter, with an average of 10.5.

e.) Proportion of the sexes. Lantz ('09) and others state that

the males are in excess. Donaldson ('12) found the same in

trapped series taken in Paris and London. In a small series
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trapped in Vienna however, the females were in excess. There

are no observations on the proportions of the sexes at birth in

general population, but in a special study of "extracted" Nor-

ways made by King (MS., '15) 56 Utters from females—them-

selves taken from Utters in which the two sexes were equaUy
or nearly equally represented

—gave 212 males and 213 females.

f.) Opening of eyes. Miller ('11) found the eyes to open at 16

or 17 days and also states that the young are weaned during the

sixth week.

g.) Age of sexual maturity. Miner ('11) gives one instance of

a female conceiving at the age of 120 days.

Owing to the difficulty of keeping M. norvegicus happy and
contented in captivity, it has not yet been possible to get a trust-

worthy record for increase in body weight with age in the case of

this form. Neither our own data (Donaldson and Hatai, '11)

nor those of Miner ('11) show what must be the normal rate of

increase in body weight.

3. Comparison of the Norway with the Albino. To determine

whether the wild Norway form, as trapped in Philadelphia, dif-

fers in any way from the albino rats in the colony at The Wistar

Institute, a comparison has been made between the two forms in

respect to body length, body weight, brain weight, spinal cord

weight and the percentage of water in both the brain andthe

spinal cord (Donaldson and Hatai, '11) as weU as the weights of

several of the parts and viscera. (Jackson and Lowrey, '12;

Hatai, '14 a.)

In addition to the familiar facts that the Norway rat is more
wild and difficult to handle, more successful in escaping from cages
and much more given to gnawing than is the Albino, that it

grows bigger, breeds later, has larger Utters and a longer sexual

life (Crampe, '84) it is now possible to make several further

statements.

At birth the Norway is somewhat heavier than the stock Albino

(King, '15, table 1) but in their relative body length and the rela-

tive weights of the brain and spinal cord, as well as in the per-

centage of water in these two divisions of the central nervous

system, they are approximately alike.
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The marked differences between the two forms appear later,

during the period of rapid growth. Grouping together the gen-
eral differences subsequently found, we may say that the Norway
rat is absolutely much heavier, relatively slightly longer, has a

relatively heavier brain and a heavier spinal cord, and since for

the same body weight as a given Albino it is younger, it has

when so compared a higher percentage of water in the central

nervous system.
For the same age however, the percentages of water are nearly

alike; the percentage in the Norway rat being a trifle higher

(Donaldson and Hatai, '11). The relative weights of the ovaries,

testes and suprarenals are also greater (C. Watson, '07; Hatai,

'14). These plus characters of the Norway tend to disappear
when the Norway is subjected to domestication.

The deviations of the Norway may be expressed in another way.
When the body weights of Norway and Albino are the same:

The Norway rat has a greater body length; a greater brain

weight; a greater spinal cord weight; a higher percentage of water

in the central nervous system; heavier ovaries, testes and

suprarenals.

When body lengths are the same:

The Norway rat has a smaller body weight; a greater brain

weight; a greater spinal cord weight; a higher percentage of

water in the central nervous system; heavier ovaries, testes and

suprarenals.

When brain weights are the same :

The Norway rat has a smaller body weight; a smaller body

length; a smaller spinal cord weight; a higher percentage of

water in the central nervous system.
When the spinal cord weights are the same :

The Norway rat has a smaller body weight; a smaller body
length; a greater brain weight; a higher percentage of water in

the central nervous system.

Speaking generally therefore we may say that when compared
with the domesticated Albino, the wild Norway rat weighs more,
is longer and possesses a nervous system in which both the brain

and spinal cord are relatively larger.
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These differences taken together indicate that the albino rat

has grown less well, and it seems most natural to attribute the

lack of growth to the whole set of conditions summed up in the

word 'domestication.'

The most marked difference in structure thus far described

between the two forms is in the relative weight of the central

nervous system. That this is due to the effects of domestication

seems highly probable, in view of the observations of Darwin

('83) and Lapicque and Girard ('07).

There are still other observations which belong here. In a

study on the weight of some of the ductless glands of the Norway
and of the albino rat according to sex and variety Hatai, ('14 a)

an examination was made of the suprarenals, hypophysis, thy-
roid and gonads in both forms. The conclusions reached are

here given.

In both the Norway and albino rats the suprarenal glands of

the males are considerably smaller than those of the females.

When, however, these two forms of rats are compared, both sexes

of the Norway rats have suprarenals considerably heavier than

those of the like sexes of the Albino.

A sex difference is noted in the weight of the hypophysis in both

the Norway and albino rats. The male hypophysis is lighter

than that of the female. However, when these two forms of

rats are compared, the hypophysis of the Norway is found to be

smaller than that of the albino rat; the greater difference being
in the case of the female.

Neither in the Norway nor the albino rat is a sex difference

found in the weight of the thyroid. Moreover, there is no weight
difference in the thyroid according to variety in the case of these

two forms of rats.

The sex glands (testes and ovaries) of the Norway rats are

heavier than those of the albino rats.

Hatai is also of the opinion that the differences noted are again
the result of a response to domestication.

4. Similarity of the Norways and Albinos of western Europe to

those of the United States. It is to be noted in this connection

that so far as tests have been made, the albino rats found in Europe
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are similar to those found in America. For the Albinos from

Vienna, Paris and London, the determinations were made by-

Donaldson ('12) and Chisolm ('11) has reported on the relation

of body length to body weight in albino and pied rats in London.

Chisolm compares his determinations of length with those by
Donaldson ('09) and when correction is made for the slight dif-

ference in the methods of measurements, the two sets of results

agree nicely.

It is also true that the wild Norways of Europe seem to be

similar to those of the United States (Donaldson, '12) so that the

differences above noted probably will be found at whatever

stations the two forms are compared.

LIFE HISTORY—NORWAY RAT: REFERENCES

Chisolm, '11. Crampe, 1884. Darwin, 1883. Donaldson, '09, '11, '12. Don-

aldson and Hatai, '11. Hatai, '14 a. India Plague Commission, '08. Jackson

and Lowrey, '12. Lantz, '09. Lapicque and Girard, '07. Miller, '11. Watson,

C, '07. Zuschlag, '03.



CHAPTER 12

GROWTH IN WEIGHT OF PARTS AND SYSTEMS OF
THE BODY

1. Growth of parts. 2. Growth of systems. 3. Weight of cranium.

1. Growth of parts of the body. For the general conditions

under which these observations were made by Jackson and

Lowrey ('12), see pp. 73-74.

Five Norways only were examined, these having been trapped
in barns at the University of Missouri. They were probably

living on grain. As will be seen by reference to table 82 the

smallest of these, a male, weighed 65 grams and was therefore

probably from three to five weeks old. The percentage rela-

tions of the several parts of the body are given in table 82.

TABLE 82

Norway rat—Percentage weights of head, trunk and extremities.

(Jackson and Lowrey, '18)

Sexes combined

SEX
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TABLE 83

Norway rat—Percentage of total body weight represented by the weight of integument,

ligamentous skeleton, musculature, viscera and remainder. (Jackson and Lowrey,

'12)

SEX
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been made. By the cranium is meant the skull with upper teeth,
minus the mandible with lower teeth and the ear bones. The
mean weights are given in table 84.

GROWTH IN WEIGHT OF PARTS AND SYSTEMS OF THE BODY: REFERENCES

Donaldson, '12 a. Jackson and Lowrey, '12.



CHAPTER 13

GROWTH OF ORGANS IN RELATION TO BODY
LENGTH—NORWAY

1. Length of tail and weights of body, brain and spinal cord in relation to

body length. 2. Weight—length ratios.

1) Length of tail, body weight, brain weight and spinal cord

weight in relation to body length. Before passing to the tables on

the Norway rat, it should be pointed out that the observations

used for them have been made on the Norway rat as found in

Philadelphia. At the same time it has been shown that the Nor-

way rat taken in Vienna, Paris and London is similar in its gen-

eral form to that found in the United States, so that the determi-

nations in the tables may be applied to the Norway rat in Europe
also (Donaldson, '12).

Table 85 contains values for the several characters named

above, computed by the formulas devised by Hatai; these for-

mulas being in turn based on series of observations, the number
of which is given in each case.

Body length on body weight. From the study of 282 male

and 318 female Norway rats, trapped in Philadelphia, measure-

ments have been taken for body weight and body length (Don-
aldson and Hatai, '11).

The values for body length
—sexes combined—on body weight

are given by formula (46) . In chart 28 the corresponding graph
is given and for comparison the graph for the body length of

the Albino is also drawn (see formula (1)).

It has been found that for a given body weight, the body length
is in the male Norway 0.4 per cent above the mean, and in the

female 0.4 per cent below (Donaldson and Hatai, '11, p. 425).

Body weight on body length. When the formula (46) is trans-

formed so as to give the body weight for a given body length and
the correction for sex is included, we have for the males formula

(47) and for the females formula (48). In chart (29) are given
the graphs for both sexes.

198



BODY LENGTH—BODY WEIGHT 199

1
I j-H MPY WEIGHT

Chart 28 Norway rat—Giving body length on the body weight. Males only.
Formula (46), table 85. Inserted for comparison is the corresponding graph for

the male Albino (see formula (1) .
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Chart 29 Norway rat—Giving the body weight on the body length. Males,
females. Formulas (47), (48), table 85.
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Body weight of the Norway on the body weight of the Albino.

Formula (49) gives the body weight of the Norway on the body
weight of the Albino for a limited range of Albino body weights.

Tail length on body length. The tail length on the body

length has been determined by Hatai (MS '14) and is repre-

sented by formulas (50) and (51) for the male and female re-

tao TAIL LENGTH .
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Using this formula the brain weights have been computed for

each of the series of body weights as determined by formulas

(47) and (48).

It has been found however (Donaldson and Hatai, '11, p. 428)

that the weight of the male brain is one per cent above the mean
for the two sexes, and that of the female, one per cent below.

—
S3 to to ss J53 ss Ec cz wr^

Chart 31 Norway rat, giving brain weight on the body weight. Males only.
With the corresponding graph for the Albino inserted for comparison. Formula

52, table 85. Also the spinal cord weight on the body weight. Males only. With
the corresponding graph for the Albino inserted for comparison. Formula 54,

table 85.

As a consequence, each value gotten by the foregoing compu-
tations has been corrected by adding one per cent to the value

found to give the weight for the male brain and by subtracting
one per cent to obtain the weight for the female brain.

Chart 31 gives the graph for the male brain weight on the

body weight and the corresponding graph (male) for the Albino

(see chart 9) is also drawn for comparison. The marked differ-

ence in the brain weight of the two forms is clearly shown.
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Formula (53) gives the cranial capacity for the body weight—
a useful datum in many instances.

Spinal cord weight on body weight. In the case of the spinal

cord, the computation was made for the sexes combined by the

aid of formula (54). Here again there is a difference according
to sex, the male spinal cord exceeding the female by 0.2 per cent,

and the value for both sexes combined, by 0.1 per cent. Cor-

rections similar to those applied to the brain have been made
in this case also. Chart (31) gives the graph for the male spinal

cord on body weight and the corresponding graph (male) for

the Albino (see chart 9) is also drawn for comparison.
Formula (55) gives the spinal cord weight (sexes combined)

on the brain weight
—sexes combined, table 85.

2. Weight-length ratios. In table 86 are given the values

for the Norway obtained by dividing the body weight by the

body length, as these appear in table 85.

The explanation of the use of this table has been given on

p. 72 in connection with the corresponding table 48 for the

Albino.

GROWTH OF ORGANS IN RELATION TO BODY LENGTH: REFERENCES

Donaldson, '12, '12 a. Donaldson and Hatai, '11.
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TABLE 85

Gives the tail length, body weight, brain weight and spinal cord weight for each milli-

meter of body length of the male andfemale Norway rat respectively.

See Charts 28, 29, SO, SI.

MALES
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TABLE 85—Continued

MALES
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TABLE 85—Continued

MALES
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TABLE 85—Coutinued

MAXES
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TABLE 85—Continued

MALES
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TABLE 85—Concluded

MALES
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TABLE 86

Giving in grams the values obtained by dividing the body weight by the body length
in millimeters. Based on data in table 85
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TABLE -Concluded



CHAPTER 14

GROWTH IN TERMS OF WATER AND SOLIDS

1. Percentage of water in blood. 2. Percentage of water in brain and spinal

cord :

(1) Percentage of water in the blood. Hatai (MS '15) has de-

termined the percentage of water in the blood of a small series

of Norways.
The Norways were recently caught and examined before the

day's feeding. The rat was chloroformed, but before the heart

ceased beating it was exposed in situ, the tip clipped away and

the blood from it caught in a small glass weighing bottle. The
fresh weight was immediately taken and after drying at 95°C.

for a week the weight of the residue was obtained. The results

are given in table 87.

TABLE 87

Giving the -percentage of water in the blood of the Norway rat, Hatai (MS., '15)



212 GROWTH IN WATER AND SOLIDS

TABLE

Showing the percentage of water in the brain and spinal cord of the Norway rat at

different ages (sexes combined), (Donaldson and Hatai, '11)
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TABLE 89

Giving the percentage of water in the brain and spinal cord of the Norway rat accord-

ing to body weight (sexes conbined). Based on Donaldson and Hatai, '11, tables

11 and 14

BODY WEIGHT IK GRAMS

195.

205.

215.

225.

235..

245..

255.

265.

275..

285..

295..

305..

315..

325..

335..

345..

355..

365..

375..

385..

395..

405..

415..

425..

435..

445..

455..

465..

PERCENTAGE OF WATER (SEXES COMBINED
NUMBER OF CASES
(SEXES COMBINED :



CHAPTER 15

REFERENCES TO THE LITERATURE

Introduction. The list of references which follows does not

claim to be complete and in several directions is intentionally

selective. For example, many bacteriological investigations in

which the rat has been used are omitted, as are also a large num-
ber of descriptive papers belonging to the earlier zoological liter-

ature. To this list of omissions belong about a dozen titles

which do not appear to be accessible in any of the larger libraries

of the United States; the printing of such titles was therefore

regarded as superfluous.

On the other hand, it has been my intention to include the

titles of all the papers which record anatomical investiga-

tions and physiological studies, so far as these were generally

available.

At the outset of such a plan one meets with the difficulty that

the rat has been used in many cases where the fact is not stated

in the title of the paper, and moreover in other instances it is

only one of several animals which have been examined or tested.

In the selection of the titles of this class the plan has been to

include everything which gave information—no matter how re-

stricted—that applied to the rat. Of course it is inevitable under

these circumstances that some papers should have been over-

looked.

In accordance with the general plan of the book we have in-

cluded papers not only on the wild Norway and the domesti-

cated Albino, but also on both forms of the house rat, Mus rattus

rattus and Mus rattus alexandrinus.

The specific names and designations as given by the authors

are quoted without comment but can be revised by reference to

the foregoing section on nomenclature. Now and then I have

permitted myself an annotation when this was pertinent.

214
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Thus far the statements apply to the literature which follows

and which is arranged alphabetically by authors' names and under

authors by date.

It was desirable at the same time to get some sort of a subject

classification, and this has been done in the following manner.

At the end of each chapter, references to the literature bearing

on the subject of the chapter are given by author's name aDd

date. The full reference appears in the list of the end of the

volume. The chapter lists contain not only the citations in the

text, but also other references which have not been cited there.

The presentation is not uniform but dictated by the arrangement
of the chapter. Where possible the references are given in alpha-

betical order without subdivisions, but where it will be of advan-

tage to have the references grouped according to the sub-head-

ings, this is done, although under this plan the same reference

often appears under more than one sub-heading.

REFERENCES TO THE LITERATURE

Addexda: Pp. 265-266

Ackhotd, H. 1914, 1915 On the purine metabolism of rats. Biochem. J., vol.

8, pp. 434-437.
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Activity

Miles run, 20.

Age

Page numbers preceded by N refer to the Norway rat.

Blood {continued)

Oxygen capacity, 84.

Percentage of water in, 40, N 211.

Specific gravity, 39, 83.

Volume, 83.

Wandering cells in, 41.

Weight of, 83.

Characters which are functions of, 3.

of opening eyes, 19, N 191.

of independence, 19.

of sexual maturity, 21, N 191.

Span of life, 6, 20, 21, N 190.

Body weight on, 31-33, 63-72, 105-113.

Thymus on, 102.

Percentage of water on, 114.

Albino Rat (See Rat)

Anatomy, 30-57.

General, 30.

Embryology, 30.

Bones, joints and connective tissues, 33.

Muscles, 38.

Vessels and lymphatics, 39.

Nervous system, 41.

Sense organs, 55.

Integument, 55.

Gastro-pulmonary systems, 55.

Uro-genital, 56.

Endocrine, 56.

Axis—of Nerve Fiber (See Nerves)

Behavior

under natural conditions, 28.

under experimental conditions, 28.

Biology, 19-28, N 189-194.

Blood

Cell elements (number), 40-41.

Erythrocytes (diameter), 39.

Growth of, 83.

Hemoglobin, percentage of, 84.

Body Weight (See Growth)

on age, 31-33, 63-72, 105-113.

on body length, 88, N 198.

at maturity—according to sex, 27.

Modified by external conditions, 69. 71.

Net, 74.

Variations in weight at birth, 103.

Bones (See Skeleton)

Brain (See Organs)

Composition, chemical, 180-184.

Growth, 90, N 200-201.

Methods for fixation, 49-55.

Water—percentage of, 6, 176-179, N 211-213.

Mitoses in, 41. 42.

Specific gravity, 41.

Cell Division (See Mitosis)

Cells

Erythrocytes (diameter), 39.

Erythrocytes (number), 40.

Leucocytes, 40.

Wandering cells, 41.

of peritoneal fluid, 41.

of liver (diameters), 56.

of pancreas (diameters), 56.

of nervous sytem:

Purkinje cells (diameters), 43.

in ganglia (numbers and diameters), 44,

45,46.

269
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Charts 1-31

1. The growth of the fetus from the 13th to the 22d day of gestation 64
2. Growth in body weight on age—males. To 365 days 66
3. Growth in body weight on age—females. To 365 days 67
4. Growth in body weight on age—males and females. To 485 days 69
5. Percentage weights of systems on age. Muscalature, ligamentous skeleton, viscera

and integument 77

6. Body length on body weight—males and females 88

7. Body weight on body length
—males and females 89

8. Tail length on body length
—males and females 89

9. Brain weight on body weight—males only. Spinal cord weight on body weight—
males only 91

10. Weight of both eyeballs on body weight—males 92

11. Weight of heart on body weight—males 93

12. Weight of both kidneys on body weight—males 93

13. Weight of liver on body weight—males 94

14. Weight of spleen on body weight—males 95

15. Weight of both lungs on body weight—males 96

16. Weight of blood on body weight—males and females 96

17. Weight of alimentary tract on body weight—males 97

18. Weight of thyroid on body weight—males and females 98

19. Weight of hypophysis on body weight—males and females 99

20. Weight of both suprarenals on body weight—males and females 100

21 . Weight of both ovaries on body weight 101

22. Weight of both testes on body weight 101

23. Weight of thymus on age—to 400 days 102

24. Percentage of dry substance in the body as a whole and in the several systems—liga-

mentous skeleton, integument, viscera and musculature—on age 178

25. In terms of the dry substance of the entire body the percentage weight of the dry
substance of the integument, viscera, ligamentous skeleton and musculature—on

age 178

26. Percentage of water in brain—on age—males. Percentage of water in spinal cord—
on age—males 179

27. Absolute weight of the more important chemical constituents of the brain—on age 184

28. Norway rat Body length on body weight—males. (Graph for the Albino inserted

for comparison) 199

29. Norway rat Body weight on body length. Males and females 199

30. Norway rat Tail length on body length. Males and females 200

31. Norway rat Brain weight on body weight—males. (Graph for Albino inserted for

comparison)

Spinal cord weight on body weight—males. (Graph for Albino inserted for com-

parison) 201

Chromosomes, Number of, 31. of bones, 181.

Classification and Nomenclature, 7-10. of brain, 181-182.

Composition, Chemical (See Water, per-
of spinal cord, 182.

centage of) Correlation, Coefficients of, 103.

of entire body, 180-181.
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Distribution (See Early Records and Migra-

tions), 10-15.

Dry Substance (See Water, percentage of)

Early Records and Migrations, 10-15.

Embryology, 30-33.

Early stages, 31-33.

Later stages, 33.

Volumes of ova and embryos, 32.

Eyes

Age of opening, 19, N 191.

Fat

Fatty acids, 84.

according to size, 85.

according to sex, 85.

Total fat, 83.

Feces

Weight of, 59.

Fecundity, 22.

Influence of weight of mother, 23.

Influence of food conditions, 23.

Fetus

Crown-rump length, 64-65.

Weight from 13th day of gestation, 64-65.

Fibers—Nerve

Number, 44-49.

Diameter and area, 44, 45, 47, 48, 49.

Formulas

Catalogue of, 158-159.

Use of, 3.

Fossil Remains

Mus rattus, 10.

Functions (See Physiology)

Circulation, 61.

Digestion, 61.

Endocrine glands, 61, 62.

Muscle, nerve, 61.

Nervous system, 61.

Nutrition, 58, 59, 60.

Functions (continued)

Body temperature, 60, 61.

Reproduction, 61.

Respiration, 61.

Secretion, 61.

Special senses, 61.

Ganglia (See Cells)

Gestation

Period of, 21, N 190.

Lengthening of, 22.

Growth

of entire body in weight on length:
Birth to maturity, 65-69, N 198.

Weight-length ratio, 72, N 202.

Body length on body weight, 87, N 198.

Body weight (Norway) on body weight

(Albino), N 200.

of entire body in weight on age :

before birth, 31-33, 63-64.

Birth to maturity, 65-72.

Body weight, net, 74.

under various external conditions, 63,

69.

of parts on body weight :

Head, trunk, limbs, 73-75, N 195.

Method of dissection, 73-74.

Tail length on body length, 88, N 200.

of systems on body weight :

Integument, 75, 76, N 196.

Musculature, 75, 76, N 196.

Skeleton (ligamentous), 75, 76, N 196.

Skeleton (cartilaginous), 78.

Viscera, 75, 76, N 196.

Teeth, 37-39.

of organs on body length and weight :

Methods of examination and graphs, 87-

102.

Alimentary tract, 97.

Blood (weight), 96.

Brain, 90, N 200-201.

Eyeballs, 91-92.

Heart, 92-93.

Hypophysis, 98-99.

Kidneys. 92-93.

Liver, 94.
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Growth—Continued

Lungs, 95-96.

Ovaries, 100-101.

Spinal cord, 90-91, N 202.

Spleen, 95.

Suprarenals, 99-100.

Testes, 101-102.

Thymus (on age), 102.

Thymus (on body weight), 114.

Thyroid, 97-98.

Viscera combined, 114.

Variations in organ weight, 103-104.

Heredity

in general, 29.

Coat color, 29.

Independence
Attainment of, 19.

Impregnation
Time of, 21.

Length
of body, 87, N 198.

of limb bones, 81-82.

of tail, 88-89, N 200.

Life History, 19, N 189-191.

Litter

Average number in, 26, N 190.

Second the best, 26.

Unit for experimental work, 3.

Litters

Usual number of, 26, N 190.

Liver

Cells and nuclei—diameters, 55-56.

Menopause, 21.

Metabolism

Protein, 58-60.

Methods

Statistical, 2.

for fixation of brain

Various figuratives, 49-51.

Formaldehyde, 51-55.

Migrations, 11-13.

Mitosis

in brain, 41, 42.

in spinal cord, 41-43.

Modification of Body Growth

Experimental, 69, 71.

Method of measuring, 5.

Muscles

Number of fibers and nuclei, 39.

Myeline Sheath (-See Nerves)

Nerve Fibers (See Nerves)

Nerves

Cerebral

Number of fibers :

N. cochlearis, 43.

N. oculomotorius, 44.

Spinal nerves and ganglia:

Number and size of fibers, 45-47.

Number of ganglion cells, 43-49.

Diameter of ganglion cells, 44, 48.

Peripheral, 48, 49.

Number of fibers

N. peronealis, 48.

Autonomic
Fibers less than 4ju, 49.

Nervous System, 41-49.

Fixation methods, 49-55.

Physiology of, 61.

Nitrogen

Weight of, excreted, 58, 60.

Norway Rat (See Rat)

Number
of mitoses (nervous system), 41, 42.

of erythrocytes, 40.

of leucocytes, 40.

of nerve cells, 41-49.

of nerve fibers, 41-49.

of muscle fibers and nuclei, 39.

Nutrition (See Functions)
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Organs (See Growth of)

Alimentary tract, 97.

Blood (weight and volume), 96.

Brain, 90, N 200-201.

Eyeballs, 91-92.

Heart, 92-93.

Hypophysis, 98-99.

Kidneys. 92-93.

Liver, 94.

Lungs, 95-96.

Ovaries, 100-101.

Pancreas, 56.

Sense organs, 55.

Spinal cord, 90-91, N 202.

Spleen, 95.

Suprarenals, 99-100.

Testes, 101-102.

Thymus, 102, 114.

Thyroid, 97-98.

Ovulation, 21, 31.

Ova—distance from fimbria, 31.

Ova—diameter, 31.

Ova—volume, 32.

Ovum (See Ovulation)

Pancreas

Size of cells and nuclei, 56.

Parts (Larger Divisions of Body)

Fore-limbs, hind-limbs, head and trunk 73-

75, N 195.

Peritoneal Fluid

Cells of, 41.

Physiology (See Functions) 58-62.

Puberty, 21.

Rat

Norway, 1.

= Mus norvegicus, 1, 7, 8.

= Mus decumanus, 7, 8.

= Epimys norvegicus, 7.

gray, brown, or sewer rat—Wanderratte

(G.).

Surmulot, rat d'egout, (Fr.).

compared with Albino, N 191-193.

similar to European form, N 193, 194.

melanic variety, 14.

Rat (continued)

Norway—Albino = white rat

= Mus norvegicus albinus, 14.

= Mus norvegicus albino, 7.

= Mus norvegicus var. albino, 7.

= Mus norvegicus var. albus, 7.

coat color, 9, 29.

compared with Norway, N 191-193.

extracted, 9.

Gametic purity, 9, 10.

Inbred, 9.

Laboratory animal, 1.

Observations mainly for the first year, 2.

Origin of variety, 14.

similar to European form, 14.

strains—local, 3.

House rat—black

Mus rattus rattus (old English black

rat), 7, 8.

Ship rat (gray)

Mus rattus alexandrinus, 8.

Albino of M. rattus, 8, 9.

M. n. albinus wrongly identified with Albino

of M. rattus, 14.

Mus rattus X Mus norvegicus mutually in-

fertile, 14.

Rattenkbnig, 15.

Records, Early, and Migrations, 10-15.

Mus norvegicus, 12, 13.

Mus rattus, 11.

Reference Tables, 2, 3.

References to Literature—By Subject

Classification, 10.

Fossil remains, 10.

Melanic variety, 14.

Early records and migrations, 15.

Rattenkonig, 15.

Albino :

Biology, 28.

Heredity, 29.

Anatomy, 56-57.

Physiology, 61-62.

Growth:
in total body weight, 72.

of parts and systems, 85.
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References to Literature—By Subject— Skeleton (continued)

Continued Phosphorus content, skeleton, 181.

of parts and organs, 175. Ash, 181.

in terms of water and solids, 179. Percentage of water, 79.

of chemical constituents, 184. Transformation of weights, 77.

Pathology, 185-186. Cranium (skull), 82.

Norway: definition of, 82-83.

Life history and characters, N 194. Measurements of, 33-36.

Growth: Weight of, 83, N 196.

of parts and systems, N 197. Long bones

of organs, N 202. lengths, absolute and relative, 81-82.

in terms of water and solids, N 213. shrinkage on drying, 82.

References to Literature—By Authors skull (See Skeleton; Cranium)
Introduction to literature cited, 214.

Titles by authors, 215-265. Span of Life, 6, 20-21, N 190.

Addenda, 265-267.
Specific Gravity

Sense Organs Bloodj 39j 83

Cochlea, 55. Brain, 41.

Sex Spermatogenesis, 30, 31.

Body weight according to, 27. „ , . _, «

o i xx n , TvTioi Spinal Cord
Sexual maturity, 21, N 191.

Proportion of sexes, N 190-191. Composition, chemical, 182.

Sex ratio, 26-27. Growth, 90-91, N 202.

in first litters 27. Water, percentage of, 176-179, N 211-213.

according to season, 27. Mitosis in, 41-43.

Recognition of, in young, 26-27.
Superfecundation, 22.

Ano-genital distance, 27.

Superfetation, 22.
Skeleton

List of bones, 34. Systems (weighed) (See Anatomy)

Cartilaginous skeleton, 76-78. Integumentary, muscular, skeletal, visceral,

Weight of moist skeleton, 79. 75, 76.

Weight of dry skeleton, 79-80. Weight—absolute, 76.

Ligamentous skeleton, 76-78. Weight—proportional, 75.

Growth of skeleton, 33, 76-81. Adult proportions, 78.

Tables

Revision of 2

Reference tables, use of 2, 3, 5

List of tables 1-89 in serial order.

1. Percentage of water in encephalon of rat compared with that in man at correspond-

ing ages 6

2. Total number of miles run 20

3. Influence of age of mother on birth weight 24

4. Influence of weight of mother on birth weight 24
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Tables—Continued

5. Influence of size of litter on the individual birth weight 25

6. Individual birth weight in relation to body weight of mother 25

7. Sex ratios and average number for litter 26

8. Ano-genital distance in young albino rats 27

9. Maximum body weights 28

10. Distance of ova from fimbria at various ages 31

11. Volumes of ova and embryos 32

12. Measurements of cranium 35

13. Range and rate of increase in cranial characters 36

14. Length of incisors 38

15. Measurements of enamel 38

16. Growth of incisors and of cranium 38

17. Xumber of fibers and of nuclei in Muse, radialis r 39

18. Percentage of water in blood 40

19. Number of erythrocytes, leucocytes, etc., in blood 40

20. Wandering cells in blood 41

21. Wandering cells in peritoneal fluid 41

22. Mitoses in brain and cord. Hamilton ('01) 42

23. Mitoses in brain and cord—special observations on cerebellum 42

24. Diameters of Purkinje cells and their nuclei 43

25. Number of myelinated fibers in the oculomotor nerve 44

26. Range of diameter in cells of cervical ganglion 44

27. Xumber of spinal ganglion cells and number and size of myelinated root fibers of spinal
nerves from three levels and at five ages (body weights) 45

28. Number of ganglion cells and of root fibers in the second cervical nerve 46

29. Number of myelinated fibers in the ventral and dorsal roots of the second cervical

nerve—together with the distal excess of fibers in the nerve 46

30. Number of ventral root fibers in the second cervical nerve at different ages—together
with the areas of the fibers and of their axes 47

31. Diameters of cell body and of nucleus in second cervical spinal ganglion together
with standard deviation and coefficient of variation 48

32. Number of myelinated fibers in the peroneal nerve 48

33. Sectional areas of largest fibers and of their axes—in peroneal nerve 49

34. Myelinated fibers less than 4jl* in diameter in the ventral roots of the second to the

fifth cervical nerves 49

35. Effects of various fixing solutions on the weight of the brain 50-51

36. Increase in the weight of rats' brains in a neutralized 4 per cent formaldehyde solu-

tion, made five months before using 53

37. Increase in the weight of rats' brains in a neutralized 4 per cent formaldehyde solu-

tion made at the time of using 53

38. Increase in the weight of rats' brains in a neutralized 4 per cent formaldehyde
solution—freshly made for each lot of animals 54

39. Increase in the weight of rats' brains in a non-neutralized solution of 4 per cent for-

maldehyde freshly made for each lot of animals 54

40. Percentage of solids in rats' brains after fixation in various 4 per cent formaldehyde
solutions 55
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Tables—Continued

41. Volumes of cell body and of nucleus: liver cells; volumes of cell body and of nucleus:

pancreas cells 56

42. Excretion of urine, feces and nitrogen 59

43. Protein metabolism—nitrogen distribution—female 60

44. Protein metabolism—nitrogen distribution—male 60

45. Body temperature under different external temperatures -. 61

46. Mean weights of fetuses at daily intervals from the 13th day of gestation 65

47. Crown-rump lengths of fetuses at daily intervals from the 14th day of gestation 65

48. Ratios obtained by dividing the body weight in grams by the body length in milli-

meters—for both males and females 70-71

49. Percentages of the entire body weight represented by the weights of head, trunk,
fore-limbs and hind limbs ', 74

50. Percentages of the entire body weight represented by the weights of the integument,

ligamentous skeleton, musculature and viscera 75

51. Absolute weights of integument, ligamentous skeleton, musculature and viscera in

seven groups, of increasing body weight 76

52. The percentage values for the weight of the cartilaginous skeleton—and by differ-

ence the percentage values for the periosteum, ligaments, etc., combined 78

53. Cartilaginous skeleton—moist weight and percentage value—also percentage value

of dry skeleton 79-80

54. Lengths of long bones—femur, tibia, humerus and ulna—absolute and relative 81-82

55. Weights of crania—in series from London, Paris, Philadelphia and Vienna 83

56. Growth of blood in volume and oxygen capacity with increasing age (body weight) ... 84

57. Proportion of fat with increasing age (body weight) 85

58. Coefficients of variation in body weights 103

59. Coefficients of variation in organ weights 104

60. Coefficients of correlation of organ weights with body weight 104

61. Mean weights of fetuses at daily intervals from the 13th day of gestation and also at

birth. (Duplicates in full table 46) 105

62. Growth in body weight on age—based on the records of Donaldson, Dunn and

Watson ('06) 106-107

63. Growth in body weight on age—males. Observations of Donaldson, Dunn and

Watson ('06) 108

64. Growth in body weight on age—females. Observations of Donaldson, Dunn and

Watson ('06) 110

65. Growth in body weight on age. New Haven Colony—Ferry ('13) 112

66. The numbers of animals used in computing the values in the growth table 65 113

67. Growth in body weight on age
—King (MS '15). Mean of two series, with coefficients

of variation 113

68. Increase in the length of the tail, and in the weights of the body, brain, spinal cord

and both eyeballs, on body length 115-120

69. Increase in the weights of the body and of the heart, both kidneys, liver and spleen

on body length 121-126

70. Increase in the weights of the body and of the lungs, blood, alimentary tract, testes

and ovaries, on body length 127-132

71. Increase in the weights of the body and of the hypophysis, suprarenals and thyroid

on body length 133-138
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Tables—Continued

72. Weight of the thymus on age in days 139-141

73. Increase in the weight of all the viscera—including the thymus—which is entered

separately
—on body length 142-147

74. Percentage of water in the brain and in the spinal cord—with increasing age—up to

365 days 148-157

75. Percentage of dry substances in the entire body, in the several systems and in some

organs. Observations at seven ages 177

76. Giving in terms of the dry substance of the entire body the percentage represented

by the weights of the dry substance of the skin, ligamentous skeleton, musculature

and viscera—seven age groups 179

77. Chemical composition of the entire rat, Hatai (MS '15) 180

78. Chemical composition of the entire rat McCollum ('09) 181

79. The phosphorus compounds of the rat as affected by ovariotomy 181

80. Chemical composition of the brain at different ages 182

81. Absolute weights of constituents of one brain at different ages 183

82. Norway rat Percentages of the entire body weight represented by the weights of

head, trunk, fore-limbs and hind-limbs 195

83. Norway rat Percentage of the entire body weight represented by the weights of

the integument, ligamentous skeleton, musculature and viscera 196

84. Norway rat Weights of crania in series from London, Paris, Philadelphia and
Vienna 196

85. Norway rat Increase in the length of the tail and in the weights of the body, brain

and spinal cord, on body length 203-208

86. Norway rat Giving the ratios obtained by dividing the body weight in grams, by
the body length in millimeters 209-210

87. Norway rat The percentage of water in the blood 211

88. Norway rat Percentage of water in the brain and in the spinal cord. Ages known 212

89. Norway rat Percentage of water in the brain and in the spinal cord of rats of

increasing body weights. Ages not known 213

Technic Ovaries, weight, 100.

Body, length, 87. Testes, weight, 102.

Body, weight, 88. Thymus, weight, 102.

Tail, length, 87. Teeth
Brain, weight, 90.

Spinal cord, weight, 90. Eruption of, 37.

Eyeballs, weight, 91. Formula for, 37.

Heart, weight, 92. Incisors

Kidneys weight 92. Development—time relations, 37.

Liver, weight, 94. Growth of, 37-39, 83.

Spleen, weight, 95. Measurement in skull, 38.

Lungs, weight, 95. Enamel, 38.

Blood weight, 96. P^ate of growth before attrition, 38.

Alimentary tract, weight, 97. Rate of growth after attrition, 38.

Thyroid, weight, 97.
Temperature of Body, 60, 61.

Hypophysis, weight, 98.

Suprarenals, weight, 99. Testes, descent of, 27.
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Urine

Volume, 59.

Weight of nitrogen in, 59, 60.

similar to that of man, 60.

Variations—Coefficients of

in body weight 103, 113.

Cranial measurements, 33-35.

Water, Percentage of

in entire body (dry substance),*176-179, 180.
in systems, 177, 179.

in organs, 176, 177.

INDEX

in blood, 40, N 211.

in brain of rat and of man, 6.

in brain and spinal cord, 176, 179, N 211-213.
in skeleton, 78-81.

Weight at Birth, 22, 24-26.

According to size of litter, 25.

According to characters of mothers:
Age, 24.

Weight, 24, 25.

Undergrowth, 26.

Disease, 26.

Weight-length Ratio, 72, N 202.
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